ETL-0245 


Vegetation  and  Jerrain  ^relationships./ 
in  south-central  New  J^exico  f 

_ _ j 

and  western  £exas4  f 


-ad  A  0  9  5  i  5  9 

o) - - - ~l 

Melvin  B./Satterwhite  / 
Judy^Ehlen 


c  ->  *  ; 


kj\  ■'  r/r^ 


NOV 


,/ 

3  ^  / 


H8J0^ 


U.s.  ARMY  CORPS  OF  ENGINEERS 
^ENGINEER  TOPOGRAPHIC  LABORATORIES 
'"FORT  BELVOIR,  VIRGINIA  22060 


full  , -l mil  IIKI.KA-K  hisritlhl  IKIN  IM.IMIIKI-  ~4  f\ 

Z[  81  2  18  010 


Destroy  this  report  when  no  longer  needed. 

Do  not  return  it  to  the  originator. 

The  findings  in  this  report  are  not  to  be  construed  as  an  official 
Department  of  the  Army  position  unless  so  designated  by  other 
authorized  documents . 

The  citation  in  this  report  of  trade  names  of  commercially  available 
products  does  not  constitute  official  endorsement  or  approval  of  the 
use  of  such  products. 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Pete  Entered) _ 

REPORT  DOCUMENTATION  PAGE  I  -  befSe>cSSSg"for» 

1.  REPORT  NUMBER  _  |2.  GOVT  ACCESSION  NO.  3.  RECIPIENT’S  CATALOG  NUMBER 


1.  REPORT  NUMBER 


ETL-0245 _  _ Aft- A6  irk 

4.  TITLE  (and  Subtill*) 

VEGETATION  AND  TERRAIN  RELATIONSHIPS 
IN  SOUTH-CENTRAL  NEW  MEXICO  AND  WESTERN  TEXAS 

7.  AUTHORf*) 

Melvin  B.  Satterwhite 
Judy  Ehlen 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

U.S.  Army  Engineer  Topographic  Laboratories 
Fort  Belvoir,  VA  22060 

11  CONTROLLING  OFFICE  NAME  AND  ADDRESS  ~~ 

U.S.  Army  Engineer  Topographic  Laboratories 
Fort  Belvoir,  VA  22060 


S.  TYPE  OF  REPORT  &  PERIOD  COVERED 


S.  PERFORMING  ORG.  REPORT  NUMBER 


1  8.  CONTRACT  OR  GRANT  NUMBERS 


10.  PROGRAM  ELEMENT,  PROJECT.  TASK 
AREA  8  WORK  UNIT  NUMBERS 


4A161102352C 
___________  ™ 

_ November  1980 

13.  NUMBER  OF  PAGES 
228 


MONITORING  AGENCY  NAME  &  AOORESSfif  different  tom  Controlling  Ollleo)  IS.  SECURITY  CLASS,  (ot  thle  report) 

Unclassified 


Is*,  declassification/ downgrading 
SCHEDULE 


IIS.  DISTRIBUTION  STATEMENT  (of  chit  Report) 


[Approved  for  Public  Release;  Distribution  Unlimited. 


[  17.  DISTRIBUTION  STATEMENT  (of  tot  ebetrec t  entered  to  Block  30,  If  different  tom  Report) 


pi.  SUPPLEMENTARY  NOTES 


19.  KEY  WORDS  (Coottouo  on  teeetee  old*  If  necettery  and  Identify  by  block  number) 

arid  climates  geology  shrublands  soil 

Chihuahuan  Desert  grassland  soil  conditions  southwestern  U.S. 

desert  landforms  soil  depth 

ecology  plant  communities  soil  moisture 

geobotanical  studies  semiarid  climates  soil  texture 

jbt  tBSTtihCT  CCtmttoui  emrororoo  t6to  tfmcittmy  emt  totality  by  block  number) 

lationships  between  landforms  and  plant  communities  for  a  650,000  hectare  area 
in  the  Chihuahuan  Desert;  New  Mexico  and  Texas,  were  studied  using  aerial  photo¬ 
graphy  and  field  observations.  Techniques  used  showed  that  plant  communities 
were  associated  with  definite  landform  units,  and  with  the  soil  depth,  texture, 
and  moisture  characteristics  in  the  various  units.  Four  major  landform-soil  units 
were  identified  on  which  a  specific  plant  community  was  found,  accounting  for 
more  than  30  percent  of  the  covmunity’s  distribution. 


jjUttJtil't  II  0I  ,  <•  i)  ;  ■vFtfhV,*; » ^f^^liftS1ii;'!i;!k)iif lla,rf!i'. 


SUMMARY 


This  study  shows  that  the  1 : 50,000  scale  aerial  photography  was  an  effective  tool  for 
identifying  and  mapping  the  distribution  of  landform  conditions  and  plant  communities 
on  a  regional  basis.  Although  general  soil  and  vegetation  conditions  were  interpreted  from 
the  photography,  the  details  concerning  soil  texture  and  soil  depth  on  the  landform  units 
and  the  species  composition  of  the  plant  communities  were  determined  in  the  field. 

Terrain  analysis  in  the  Fort  Bliss  study  area  identified  four  major  landform  categories: 
mountains/hills,  alluvial  fans,  basin  areas,  and  washes.  These  categories  were  divided  into 
14  smaller  units  using  specific  geomorphological  characteristics,  i.e.  changes  in  relief, 
breaks  in  slope,  differences  in  three-dimensional  shape,  drainage  characteristics,  erosion 
patterns,  topographic  position,  and  photo  tones  and  textures.  The  landform  units  were 
described  and  their  spatial  distribution  was  mapped  using  photographic  interpretation  and 
analysis  procedures.  Field  and  laboratory  studies  verified  these  landform  units  as  discrete 
landform  units  by  evaluating  rock  type,  soil  profiles,  and  soil  analysis.  Soil  texture  and  soil 
depth  vary  considerably  among  the  landform  units,  with  soil  texture  ranging  from  almost 
pure  clay  to  pure  sand  and  soil  depth  varying  from  zero  to  more  than  2  meters.  Soil  water¬ 
holding  capacity  was  inversely  correlated  with  the  percent  sand  and  directly  correlated  with 
the  percent  silt  and  clay. 


Land  cover  mapping  on  the  aerial  photography  identified  and  delineated  discrete 
photo  patterns  that  were  inferentially  discrete  plant  communities.  Continuity  in  mapping 
the  photo  patterns  throughout  the  study  area  was  essential  because  the  photo  pattern  map 
[  t  formed  the  basis  for  collecting  phytosociological  and  terrain  data. 


•f.'" 


Because  rhe  identification  of  plant  species  was  not  possible  on  the  aerial  photography, 
species  identification  and  species  composition  of  the  mapping  units  were  determined  in  the 
field.  A  selected  number  of  sample  sites,  at  which  terrain  and  phytosociological  data  were 
collected,  were  located  among  the  photo  patterns.  The  phytosociological  data  characterizing 
the  plant  community  associated  with  each  photo  pattern  was  analyzed  using  computer 
techniques  and  the  Tabular  Comparison  Method.  From  this  analysis,  22  discrete  plant 
communities  were  identified  and  described.  From  these  data  and  the  numerous  random 
observations  made  enroute  to  the  sample  sites,  associations  between  the  plant  communities 
and  photo  patterns  were  made.  Most  of  the  plant  communities  were  found  associated  with 
a  particular  photo  pattern.  Several  plant  communities  were  encountered  that  had  sufficiently 
similar  photo  patterns  and  could  not  be  differentiated  from  each  other  on  the  1:50,000 
scale  photography.  These  plant  communities  were  separated  using  ground  truth  information. 
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The  associations  between  the  plant  communities  and  landform  units  were  determined 
in  part  from  field  data  collected  at  each  sample  site.  Detailed  data  describing  the  plant 
community  and  landform  associations  were  collected  in  the  laboratory  by  sampling  the 
plant  community  overlay  “sandwiched”  with  the  landform  overlay.  The  data  substantiated 
the  field  observations  and  data,  that  certain  plant  communities  were  found  more  frequently 
on  some  landform  units  and  less  frequently  or  not  at  all  on  other  landform  units. 


The  plant  communities  described  for  the  study  area  were  grouped  into  four  classes 
defined  by  the  landform  type,  soil  texture,  and  soil  depth  conditions: 

1.  Shrub  and  shrub-grass  communities  of  the  basin  areas  on  sandy  loam,  sandy 
clay  loam,  silty  clay  loam,  loamy  sand,  and  sand  soils  more  than  2  meters  deep,  with  some 
interdunal  soils  less  than  30  cm  to  the  petrocalcic  horizon. 

2.  Shrub  and  grass-shrub  communities  of  some  upper  alluvial  fans  and  upland 
areas  underlain  by  bedrock  on  clay,  clay  loam,  loam,  or  gravelly  loam  soils  less  than  30  cm 
deep. 

3.  Shrub-grass  and  grass  communities  of  the  lower  alluvial  fans,  depressions  in 
the  basins,  and  the  washes  that  receive  water  from  adjacent  areas  on  clay  loam,  silty  loam, 
clay,  and  sandy  clay  soils  more  than  30  cm  deep. 

4.  Shrub  and  shrub-grass  communities  of  intermediate  and  sand-covered 
alluvial  fans,  the  mesa,  dissected  hills,  and  some  upper  alluvial  fans  on  clay  loam,  clay,  sandy 
clay,  and  clay  loam  textured  soils  15  to  30  cm  deep. 
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PREFACE 


This  study  was  conducted  to  identify  specific  pattern  elements  that  can  serve  as 
practical  plant  indicators  of  geological,  biological,  and  cultural  identities  and  properties 
within  the  study  area  and  to  document  manual  procedures  for  image  analysis.  The  work 
reported  on  was  done  under  DA  Project  4A161 102B52C,  Task  C,  Work  Unit  0010, 
“Indicators  of  Terrain  Conditions.”  * - 
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VEGETATION  AND  TERRAIN  RELATIONSHIPS  IN 
SOUTH-CENTRAL  NEW  MEXICO  AND  WESTERN  TEXAS 


INTRODUCTION 

The  effects  of  vegetation  on  soil  and  of  soil  on  vegetation  have  been  studied  and 
observed  for  many  years.  Early  soil-vegetation  studies  in  the  western  U.S.  were  made  for 
purposes  related  to  the  growth  of  cultivated  crops  and  grazing.1,2,3  The  present  study  was 
conducted  in  south-central  New  Mexico  and  western  Texas  where  the  vegetation  was  largely 
dominated  by  shrub  species  having  various  drought  tolerances  and  occupying  distinct  soil 
conditions.  The  vegetation  in  the  study  area,  although  placed  in  the  northern  Chihuahuan 
Desert  by  Shreve,  is  thought  by  other  plant  geographers  to  be  disturbance  or  disclimax 
communities,  having  developed  from  the  true  climax  vegetation;  Desert  Grassland.4,5 


The  replacement  of  the  climax  grass  communities  by  shrub-dominated  communities 
has  occurred  over  the  past  100  years  or  more  as  a  consequence  of  disturbance  primarily 
related  to  grazing  practices.6  Although  the  climax  grassland  vegetation  has  been  drastically 
changed,  the  shrub  and  grass  species  in  the  study  area  icrm  discrete  plant  communities  that 
are  adjusted  to  the  environmental  conditions  impinging  upon  them.  Identifying  the  relation¬ 
ships  between  the  plant  species  and  the  environmental  factors  enables  the  plant  species  or 
plant  community  to  be  used  as  an  indicator  of  those  environmental  factors. 


*T.H.  Kearney,  L.J.  Briggs,  H.L.  Shantz,  W.J.W.  McLane,  and  R.L.  Piemeisel.  "Indicator  signifiram-r  of  vegetation  in  Tooele 
Valley,  Utah.”  Journ.  Agri.  Res.  1:365-417.  1914. 

2A.W.  Sampson,  “Plant  indicators  concept  and  status.”  Bot.  Rev.  5:155-206. 1939. 

3 

D.H.  Gates,  L.A.  Stoddart,  and  C.W.  Cook,  “Soil  as  a  factor  influencing  plant  distribution  on  salt  deserts  of  Utah.’  Eco • 
logical  Monographs,  V.  26, 1956,  pp  155-175. 

4J,L.  Gardner,  "Vegetation  of  the  Creosotebrush  Area  of  the  Rio  Grande  Valley  in  New  Mexico."  Ecology  21:379-402. 
1951. 
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Plant  species  as  indicator  organisms  have  a  record  of  varying  degrees  of  success.  Not 
until  the  mid-1 890’s  were  conscientious  efforts  and  systematic  work  begun  on  using  plant 
species  and  plant  communities  as  indicators.7  The  indicator  concept  is  founded  on  the 
premises  that  (1)  a  plant  is  the  expression  of  the  environmental  factors  that  can  affect  it 
and  (2)  that  the  ability  of  a  plant  to  endure  these  stress  factors  depends  on  the  plant’s 
genetic  properties  and  physiological  processes. 


In  using  plants  as  indicators  of  soil  conditions,  it  is  essential  to  know  whether  the 
conditions  the  species  requires  is  some  particular  element  or  condition  found  in  the  soil 
that  is  necessary  for  its  viable  growth  or  whether  the  species  is  present  merely  because  it 
can  tolerate  the  conditions.  The  ideal  indicator  species  is  one  with  a  definable,  yet  rather 
narrow,  range  for  the  factors)  being  considered,  and  whose  occurrence  is  dependent  upon 
this  factor.  Species  with  broad  tolerance  ranges,  or  ecological  amplitudes  for  an  environ¬ 
mental  factor,  do  not  make  good  indicators  because  they  can  fill  many  different  ecological 
niches,  which  lowers  their  indicator  usefulness.  However,  when  two  or  more  of  the  species 
with  broad  ecological  amplitude  have  overlapping  distribution  and  occur  in  the  same  com¬ 
munity,  their  mutual  occurrence  and  tolerances  can  be  used  to  predict  the  factor  intensity 
that  each  can  tolerate.  For  example,  Artemisia  tridentata  is  an  indicator  of  low  saline  soil 
and  occurs  on  a  wide  range  of  soil  textural  and  soil  depth  conditions.  Sarcobatus  vermiculatus 
is  a  shrub  species  indicative  of  medium  to  highly  saline  soils  and  occurs  on  fine-textured 
soils,  silts  and  clays,  with  available  soil  water.  Both  species  occur  widely  within  the  cold 
desert  region  of  the  Great  Basin.  Where  these  species  occur  together,  predictions  of  the 
edaphic  conditions  common  to  each,  yet  not  necessarily  exceeding  the  tolerance  limits  of 
either  species,  can  be  made.  The  soil  conditions  that  might  be  predicted  in  this  example 
are  a  nonsaline  to  slightly  saline,  fine-textured  soil  with  ground  water  in  the  root  zone. 
Knowing  the  tolerance  range  for  the  factorfs)  affecting  the  distribution  of  associated  species 
enables  the  species  to  “act”  as  factor  sieves  and  to  reduce  the  range  of  the  factor(s) 
affecting  either  species,  thereby  providing  an  effective  mechanism  for  predicting  environ¬ 
mental  conditions. 


7 

A.W.  Sampson,  “Plant  Indicators  Concept  and  Status."  Bot .  Rev.  5:155-206. 1939. 
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Gates  found  significant  differences  in  the  edaphic  conditions  between  soils  occupied 
by  the  various  species  under  study.8  No  species  was  found  restricted  in  its  distribution  by 
a  narrow  tolerance  range  for  any  specific  soil  factor,  and  the  range  of  the  soil  factors  over¬ 
lapped  for  all  species.  Although  the  species  he  studied  may  be  unreliable  as  indicators  of 
specific  soil  characteristics,  in  some  instances  the  species  could  be  used  for  imposing  limits 
and  estimating  averages  expected  for  certain  soil  factors. 

Previous  work  in  the  U.S.  and  Europe  has  shown  that  using  vegetation  as  indicators 
should  be  directed  toward  the  plant  community  level.  The  reasons  are: 

1 .  The  ecotypic  differentiation  of  plant  species. 

2.  The  role  of  secondary  or  associated  species  in  narrowing  the  factor  range. 

3.  Consistency  in  extrapolating  the  geobotanical  data.9  0 


The  principal  difficulty  in  geobotanical  investigations  in  unfamiliar  regions 
is  that  of  identifying  the  species  characteristics  of  certain  plant  communities  that  indicate 
the  assemblage  of  environmental  factors  in  which  they  occur.  Geobotanical  studies  often 
require  data  from  a  large  number  of  sampling  points  over  a  large  area  to  describe  accurately 
the  species-factor  relationship  of  interest.  Processing  phytosociological  data  has  been  done 
effectively  using  the  Tabular  Comparison  Method.1 1  ** 2  This  method  enables  the  investigator 
to  identify  the  critical  plant  species  from  which  plant  communities  are  defined  as  more  or 
less  discrete  units. 


8D.H.  Gates,  L.A.  Stoddart,  and  C.W.  Cook,  “Soil  as  a  factor  influencing  plant  distribution  on  salt  deserts  of  Utah.”  Eco¬ 
logical  Monographs,  V.  26, 1956,  pp  155-175. 

9A.W.  Sampson,  “Plant  indicators  concept  and  status.”  Bot.  Rev.  5:155-206.  1939. 

19I.N.  Bcidman,  “The  significance  of  coedificators  in  the  indicator  properties  of  plant  communities.”  in  A.  G.  Chikishev, 
(cd).  Plant  Indicators  of  Soils,  Rocks,  and  Subsurface  Waters.  Consultants  Bureau.  New  York.  1965. 

1 1  D.  Mucllcr-Dombois  and  H.  Ellcnberg,  Aims  and  Methods  of  Vegetation  Ecology.  New  York:  John  Wiley  and  Sons,  Inc., 
1974, p 547. 

1 2A.W.  Kuchlcr,  Vegetation  Mapping.  New  York:  Ronald  Press  Co,  1967. 
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A  major  problem  of  the  method  has  been  the  tedious  manual  techniques  for  mani¬ 
pulating  the  phytosociological  data.  Leith  and  Moore  automated  the  handling  of  phyto- 
sociological  data  in  the  Tabular  Comparison  Method  using  digital  computer  techniques.1 3 
When  the  automated  method  is  used,  phytosociological  data  collected  in  the  field  can  be 
processed  rapidly  and  accurately,  groups  of  species  from  among  the  sample  sites  (releves) 
can  be  isolated,  and  data  can  be  displayed  in  tables  from  which  the  investigator  can  identify 
the  critical  plant  species  and  the  plant  communities.  At  the  same  time,  bias  in  arranging 
the  sample  site  data  is  reduced.  However,  personal  bias  is  not  removed  because  the  inves¬ 
tigator  does  the  final  “fine-tuning”  of  the  community  arrangements  using  an  arbitrary' 
sort  routine.  The  final  appearance  of  the  clustered  data  depends  upon  the  investigator’s 
ability  to  identify  the  dominant  and  subdominant  species.  Even  though  the  processing  of 
phytosociological  data  has  been  eased  by  using  computer  techniques,  the  difficulties  in 
recognizing  the  critical  plant  associations  and  mapping  their  distribution  remain. 


Several  vegetation  studies  were  done  in  the  area  that  were  based  on  reconnaissance 
of  an  area  in  which  the  major  plant  communities  were  identified  and  described.*  In 
using  the  reconnaissance  method  to  study  the  vegetation  in  an  area,  two  biases  can  occur: 
(1)  in  deciding  which  communities  are  important,  and  (2)  in  determining  which  sample 
sites  will  represent  the  “type”  plant  community.  In  the  referenced  studies,  although  the 
more  conspicuous  plant  communities  were  generally  identified  and  described,  the  major 
communities  that  were  not  encountered  during  the  reconnaissance,  or  only  infrequently 
encountered,  were  either  left  out  or  given  less  than  community  status.  Thus,  a  rapid  iden¬ 
tification  method  is  needed  to  determine  whether  critical  communtics  were  missed  during 
the  reconnaissance.  For  most  vegetation  studies,  it  is  impractical  to  traverse  large  areas  to 
ensure  that  all  important  communities  have  been  accounted  for. 


•Two  of  the  studies  were  done  by  C.  W,  Merriam  and  H.  K.  Gardner. 
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H.Lieth,  and  G.W.  Moore,  “Computerized  clustering  of  species  in  phytosociological  tables  and  its  utilization  for  field 
work”  in  Spatial  Patterns  and  Statistical  Disttibutions  by  G.P.  Patil,  E.C.  Pielou,  and  W.E.  Waters  (eds).  University  Park,  PA: 
The  Pennsylvania  State  University  Press.  1971.  pp  403-422. 


To  ensure  complete  and  accurate  identification,  aerial  photography  and  aerial  photo¬ 
graphic  analysis  techniques  can  be  used  for  regional  assessment  and  the  identification  of 
areas  with  discrete  photo  tones  and  textures.  The  discrete  areas  can  then  be  investigated 
during  field  studies  of  the  associated  vegetation  and  environmental  conditions.  When  using 
aerial  photography  for  vegetation  studies,  the  premise  is  that  segments  of  the  aerial  photo¬ 
graphy  with  similar  tones  and  textures  represent  ground  areas  with  similar  vegetation  and 
terrain  conditions.  Although  using  aerial  photography  in  vegetation  studies  is  not  new,  aerial 
photographic  interpretation  techniques  combined  with  the  Tabular  Comparison  Method  to 
do  phytosociological  studies  has  not  been  widely  used.  This  combination  offers  a  method 
by  which: 

1.  Discrete  plant  communities  can  be  identified  prior  to  field  reconnaissance, 
thus  facilitating  the  reconnaissance  effort. 

2.  Field  sample  sites  can  be  located  for  collecting  phytosociological  data 
for  the  important  “type”  plant  communities  prior  to  going  into  the  field. 

3.  Phytosociological  data  can  be  readily  and  accurately  processed,  and  plant 
communities  can  be  identified  and  described. 

4.  The  spatial  distribution  of  the  plant  communities  can  be  used  as  a  base  for 
future  environmental  work. 


OBJECTIVES 

Based  on  the  potential  for  combining  the  Tabular  Comparison  Method  and  aerial 
photographic  interpretation  techniques,  the  objectives  of  this  study  were 

1.  To  evaluate  using  manual  aerial  photographic  analysis  and  interpretation 
techniques  to  identify  and  describe  the  relationships  between  vegetation,  landform,  and 
soil  conditions. 

2.  To  determine  the  compatibility  of  the  Tabular  Comparison  Method  with 
aerial  photographic  interpretation  techniques  for  conducting  regional  phytosociological 
studies. 
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THE  STUDY  AREA 


The  study  area  is  located  in  south-central  New  Mexico  and  western  Texas,  within 
geographic  coordinates  105°45'W,  31°45'N;  106°3l)'W,  31°45'N;  105°45 'W,  32°45 ' 
N;  106°30  'W,  32°45  'N  (figure  1).  The  area  is  included  in  the  Lower  Sonoran  Life  Zone 
by  Merriam.14  Shreve  places  this  area  in  the  Chihuahuan  Desert,  but  suggests  this  northern 
portion  could  be  in  +ue  Desert-Grassland  Transition  area.15  Gardner  places  the  area  in  the 
Desert  Plains  Grassl  .  based  on  his  review  of  logs  and  journals  of  early  travelers  and  records 
from  expeditions  i  *  ds  region.16  Prior  to  major  cattle  ranching  in  the  late  19th  century, 
the  climax  plant  co  .munities  forming  the  Desert  Plains  Grasslands  were  dominated  by 
grasses.  Today,  these  grassland  communities  have  been  replaced  by  several  shrub  species; 
primarily,  Prosopis  glandtdosa,  Larrea  tridentata.  Flourensia  cernua,  and  Artemisia  fdifolia. 
which  dominate  much  of  the  landscape  in  the  Tularosa  Basin  and  Hueco  Bolson  ana  the 
alluvial  fans  coming  into  these  basins,  although  isolated  areas  of  Sporobolns  grassland 
can  be  found.  Grassland  communities  dominated  by  Bouteloua  eriopoda,  B.  curtipendula. 
and  B.  gracilis  still  form  the  vegetative  cover  on  the  Otero  Mesa  and  Hueco  Mountains, 
but  encroachment  of  shrub  species  into  these  grasslands  in  readily  evident.  The  displacement 
of  the  grassland  communities  by  the  shrub  communities  is  believed  to  be  the  result  of  the 
overgrazing  practices  that  began  in  the  late  19th  century. 


The  climate  of  the  study  area  is  characterized  as  a  hot,  dry  desert  with  temperatures 
above  0°  C  for  all  months.1 7  There  is  an  abundance  of  sunshine,  and  a  wide  range  between 
the  day  and  night  temperatures  and  relative  humidity  (26  percent  day  and  56  percent  night). 
Although  precipitation  is  variable  throughout  the  year,  it  is  rather  uniform  throughout  the 
study  area,  ranging  from  21.4  to  24.9  cm  per  year  (table  1).  About  half  of  the  average 
annual  rainfall  occurs  during  July  through  October.  This  period  coincides  with  the  major 
portion  of  the  growing  season  for  most  grass  and  shrub  species.  Summer  precipitation  is 
primal  ily  localized  thunderstorms  of  high  intensity,  with  most  winter  moisture  coming  as 
low-intensity  rains  or  occasional  snow.  The  mean  annual  temperatures  range  from  17.7°  C 
at  El  Paso,  Texas  to  14.8°  C  at  Jornada  Experiment  Range,  New  Mexico  (table  1). 


14 

C.H.  Mctriam,  “Life  zones  and  crop  zones  of  the  United  States.”  US  Dept.  Apr.  Biol.  Sure.  Bull.  10:1898,  p  79. 

15J.L.  Gardner,  "Vegetation  of  the  Creosotebrush  Area  of  the  Rio  Grande  Valley  in  New  Mexico.”  Ecology-  21:1951, 
pp  379-402. 

16ibid. 
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G.T.  Trcwartha,  Elements  of  h'-yrical  Geography.Uev/  York:  McGraw  Hill  Book  Co.  Inc.  1 957. 
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FIGURE  1.  Location  Map  of  the  Study  Area. 


TABLE  1 .  Mean  Annual  Temperature  and  Precipitation  for  Selected  Stations 


Station 

Temperature 
(°C)  (°F) 

Precipitation 
(cm)  (inches) 

El  Paso,  Texas 

17.7 

63.8 

21.5 

8.47 

Alamogordo,  New  Mexico 

16.2 

61.1 

24.9 

9.8 

Jornada  Experiment  Range, 
New  Mexico 

14.8 

58.7 

22.6 

8.91 

State  University,  New  Mexico 

15.6 

60.1 

21.4 

8.41 

Orogrande,  New  Mexico 

17.1 

62.7 

22.9 

9.01 

White  Sands  National 
Monument,  New  Mexico 

15.4 

59.8 

19.3 

7.61 

Total  evaporation  in  the  area  ranges  from  235  to  267  cm  per  year  (92  to  105 
inches).  At  State  University,  Las  Cruces,  New  Mexico,  total  evaporation  averaged  approxi¬ 
mately  235  cm  per  year  from  1968  to  1977.  Most  of  the  potential  annual  evaporation, 
about  60  percent,  occurs  from  April  through  September,  during  which  time  the  mean 
monthly  evaporation  ranges  from  about  20  to  30  cm  per  month.  Mean  precipitation 
during  this  same  period  ranged  from  0.5  to  4.3  cm  per  month  (table  2),  which  was  about 
2  to  16  percent  of  the  potential  monthly  evaporation.  Annually,  the  mean  potential  eva¬ 
poration  is  more  than  10  times  the  mean  annual  precipitation. 


TABLE  2.  Mean  Monthly  and  Annual  Total  Evaporation  and  Precipitation, 

State  University,  New  Mexico  ( 1968-1977) 

Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Ann 

(Centimeters) 

Evaporation  8.1  11.4  19.3  25.4  30.2  30.5  29.2  26.7  20.3  16.0  10.2  7.9  235 

Precipitation  0.9  1.1  8.1  0.5  0.8  1.3  4.2  4.3  3.2  1.8  1.2  1.2  28.6 


Thombury  places  the  Ft.  Bliss  region  within  the  Basin  and  Range  physiographic  pro¬ 
vince.1  8  The  area  consists  of  approximately  equal  proportions  of  basin  and  mountain  range 
and  includes  the  Rio  Grande  Rift,  a  series  of  interconnected  basins.  The  fault  block  moun¬ 
tains  that  trend  north-south  in  the  study  area  are  the  Franklin  and  Organ  Mountains  on  the 
west  and  the  Sacramento  and  Hueco  Mountains  on  the  east.  The  fault  block  mountains 
are  separated  in  the  south  by  the  Hueco  Bolson,  parts  of  which  have  external  drainage  into 
the  Rio  Grande  River,  and  in  the  north  by  the  Tularosa  Basin,  which  exhibits  internal 
drainage. 


The  Franklin  Mountains  are  composed  of  sedimentary  and  volcanic  rocks  (figure  2). 
The  sedimentary  rocks,  mainly  limestone  with  some  sandstone  and  shale,  are  located  on  the 
northern  and  southern  ends  of  the  mountains.  Andesitic  volcanic  rocks  are  located  in  the 
central  portion  of  the  Franklin  Mountains.  The  andesite  appears  fault  bounded.  Granite 
underlies  the  Franklin  Mountains  and  is  visible  along  the  eastern  front.  The  Organ  Mountains 
are  formed  of  intrusive  granitic  rock  with  some  sedimentary  rocks  on  their  southern  flanks. 
Some  volcanic  rocks  are  found  in  the  southwest  part  of  the  Organ  Mountain  range.  The 
sedimentary  rocks  in  both  mountain  ranges  dip  30°  to  50°  west. 


18William  D.  Thornbury,  Regional  Gcomorphology  of  the  United  States,  2nd  cd.  New  York:  John  Wiley  and  Sons,  Inc., 
1965. 
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j°0  <>a|  Upper  Alluvial  Fans 


Interbedded  Sedimentary  Rocks 


|^A  i.  j  Volcanic  Rocks 

1 4-  |  Granite 

Note:  1 : 550.000  Scale 


_ ✓  Material  Boundary 

_/  Probable  Material  Boundary 
Pattern  Lost  in  Photo  Overlap 


FIGURE  2.  Photo  Geology  of  Fort  Bliss  and  Adjacent  Areas 
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mrfc/h^n  h11^  Mountains  on  the  eastern  side  of  the  study  area  are  faulted  along  the 
The  •  T ?  "5  3  ng  thC  °ter°  Mesa/Hueco  Mountains  boundary  (figure  2) 
in^n.c  kS  T  H,U,eC°  Mountauis  are  Primarily  limestone  with  some  shale.  Several  granitic 

fonJZ  the  olt  ^  ^  ,Hl11’  fre  Present  Within  the  Hueco  Mountains.  The  rocks 
nmng  the  Otero  Mesa  are  exclusively  sedimentary.  The  mesa  is  capped  with  limestone 

“T  “S  Shal:  0CCUr  in  ,he  — *— «■  «•»  in  .his  L  2  a  Zte 

of  30  to  the  east-southeast  in  the  Hueco  Mountains,  and  10°  to  the  east  on  the  Otero  Mesa 
The  regional  dip  is  to  the  south  or  southeast. 


Ja.ni,a  Mountains’  m  the  northeast  part  of  the  study  area,  are  not  related  to 
either  the  eastern  or  western  mountains  (figure  2).  These  mountains  are  a  granitic  intrusion 

croTT7u  0CCVn  the  n0rthem  end  0f  the  mountains>  and  as  isolated  linear  out- 

ST ma”  ‘n(rusive  body  of  rock’  indica,i”g  ,he  iMnision  is 


In  figures  3  and  4,  the  structural  and  rock 
southern  portions  of  the  study  area  are  shown. 


type  relationships  in  the  northern  and 
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MATERIALS  AND  METHODS 


The  aerial  photography  used  in  this  study  was  22.9  by  22.9  cm  (9  by  9  inches), 
1:50,000  scale  panchromatic  stero  aerial  photography,1 9  which  was  obtained  from  the 
Defense  Mapping  Agency,  Washington,  DC.  Alternate  photographs  were  assembled  to 
form  three  102- by  152-cm  uncontrolled  pholomosaics,  from  which  the  photography  could 
be  viewed  stereosocopically.  Because  of  the  size  of  the  study  areas,  three  photomosaics  were 
needed  to  allo'W, for  some  overlap  between  the  mosaics.  This  imagery  was  used  for  identifying 
and  describing  the  landform  and  vegetation  conditions  in  the  study  area  and  for  locating 
the  sample  sites.  A  geological  photographic  study  was  done  using  1:100,000  scale  panchro¬ 
matic  aerial  photography,  also  obtained  from  the  Defense  Mapping  Agency.1 9 


The  area  was  studied  using  standard  porcedures  of  air  photo  analysis,  i.e.  a  careful 
evaluation  of  the  photo  pattern  elements  of  landform, drainage  (plan  and  eievation),  erosion, 
deposition,  vegetation,  cultural  features,  tones  and  textures,  and  special  features.  In  the 
study,  most  information  was  obtained  by  evaluating  landform;  drainage-plan  (pattern  and 
density);  drainage-elevation  (gully  cross  sections  and  gradient);  and  the  photo  tones  and 
textures  on  the  1:50,000  scale  photography.  The  photo  tones  and  textures  were  evaluated 
to  identify  discrete  land  cover  areas  on  the  photography  and  map  their  occurrence  on  each 
photomosaic.  The  landform  and  land  cover  units  were  then  verified  and  described  in  detail 
from  field  data  obtained  at  selected  sample  sites  and  from  many  random  observations  made 
enroute  to  these  preselected  sites.  The  sample  sites  were  located,  in  part,  with  regard  to  the 
accessibility  to  the  selected  mapping  unit.  Site  accessibility  was  important  because  some 
areas  were  physically  inaccessible  and  others  were  “off-limits”  because  they  were  within 
the  impact  areas  of  the  firing  ranges.  The  field  work  was  done  in  August  and  November 
1977  and  September  1978. 


Phytosociological  and  terrain  data  were  collected  at  294  sample  sites  dispersed 
throughout  the  study  area  among  the  various  land  cover  and  landform  mapping  units  (figures 
5,6,  and  7).  Each  sample  site  can  be  located  by  the  six-digit  grid  coordinates  of  the  1 : 5 0,000 
scale  topographic  sheets  covering  the  study  area  and  by  the  photo  number  of  the  1:50,000 
scale  aerial  photography  (appendix  A).  The  field  data  and  site  descriptions  were  used  in  the 


19The  1:50,000  scale  photography  is  U.  S.  Ail  Force  AF69-35,  October  1969,  and  AF71-10,  November  1971,  and  the 
1:100,000  scale  photography  was  obtained  from  Mark  Hurd  Aerial  Surveys,  29  November  1974. 


FIGURE  5.  Location  of  Sample  Sites  and  Generalized  Geomorphic  Features  —  Photomosaic 


FIGURE  7.  Location  of  Sample 
Sites  and  Generalized 
Geomorphic  Features 
—  Photomosaic  3. 


laboratory  to  refine  the  landform  and  land  cover  unit  boundaries  identified  from  the  aerial 
photographic  analysis.  Soil  conditions  within  the  study  area  were  described  from  soil  samples 
collected  from  soil  pits  dug  at  128  of  the  294  sample  sites.  The  depth  of  each  soil  pit 
was  approximately  60  cm  (24  inches),  except  where  caliche  pan  (a  petrocalcic  horizon) 
or  bedrock  were  encountered  near  the  surface.  Although  most  samples  were  taken  from  the 
surface  horizon,  0  to  1 5  cm  (0  to  6  inches),  some  samples  were  taken  from  deeper  soil 
horizons  that  had  textural  or  color  differences.  Samples  were  placed  in  plastic  bags,  labeled, 
sealed,  and  transported  to  the  laboratory  for  analysis. 


After  air  drying,  each  soil  sample  was  passed  through  a  2.0-nim  soil  sieve  and  the 
percent  of  the  total  sample  retained  on  the  sieve  was  determined.  A  subsample  of  the  material 
passing  through  the  2.0-mm  sieve  was  oven  dried  at  105°  C  for  24  hours,  then  passed 
through  several  standard  20-cm  (8-inch)  sieves  with  openings  of  2.0  mm,  1.0  mm,  0.5  mm, 
0.25  mm,  and  pan.  Sieved  separates  that  were  aggregates  of  smaller  sized  particles  were 
broken  by  using  a  mortar  and  rubber-tipped  pestle.  Difficulties  in  breaking  up  aggregate 
particles  of  some  samples  passing  the  0.25-mm  sieve  prevented  further  sieve  separation. 
The  percentages  of  sand,  silt,  and  clay  in  the  sample  were  determined  from  another  sub¬ 
sample  using  the  hydrometer  technique.20,21  The  percentage  of  each  fraction,>2.0  mm, 
2.0  to  1.0  mm,  1.0  to  0.5  mm,  0.5  to  0.25  mm,  0.25  to  0.05  mm,  0.05  to  0.002  mm, 
and  less  than  0.002  mm,  was  determined  for  each  sample  on  an  oven-dry  basis.  Soil  textural 
names  were  assigned  to  the  soil  samples  according  to  U.S.  Department  of  Agriculture 
nomenclature.22  Samples  containing  20  percent  or  more  of  gravel-sized  particles  in  the 
whole  sample  were  described  as  “gravelly,”  i.e.  gravelly  loam. 


The  soil  samples  were  also  analyzed  for  pH  and  total  soluble  salts  (salinity).  A  sub¬ 
sample  of  the  air-dried  soil  samples  passing  through  the  sieve  with  2.0  mm  openings  was 
used  for  determining  pH  (1:1  ratio  of  soil  sample  to  water  mixture)  using  a  Beckman  Instru¬ 
ments  pH  Meter,  Model  N,  and  electrical  conductivity  (1:2  ratio  of  soil  sample  to  water 


20 

C.A.  Slick,  (cd).  Methods  of  Soil  Analysis,  Par:  1 ,  Physical  and  Mineralogies!  Properties  including  Statistics  of  Meas¬ 
urement  and  Sampling.  Agronomy  scries  No.  9.  Amcr.Soc.Agron.,  Inc.,  Madison,  Wisconsin.  1 965. 

21G.W.  Co.\,  Laboratory  Manual  of  General  Ecology.  Dubuque,  Iowa:  William  C.  Brown  Publishers,  1967. 

22Soil  Survey  Staff,  Soil  Survey  Manual,  US  Department  of  Agriculture  Handbook  18. 1951. 
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mixture)  using  a  Lab  l  ine  Lectro  MHO-Meter,  Model  MC-1,  Mark  IV.  Soil  salinity  was 
calculated  from  the  electrical  conductivity  measurement  by  using  the  following  equation: 

Salinity  (ppm)  =  E.C.  umhos  x  106  (at  25°  C)  x  0.64  (1) 

where  0.64  is  a  conversion  constant.2  3 


Soil  moisture  retained  in  the  soil  at  the  0.33  and  15  bar  potentials  was  determined 
using  the  pressure  membrane  technique.  The  percent  water  held  in  the  soil  at  the  0.33  bar 
and  15  bar  potentials  are  those  percentages  approximating  the  percent  soil  water -held  at 
the  field  capacity  (FQ  and  the  wilting  point  (WP)  conditions  of  the  soil,  respectively.24 


The  FC  and  WP  values  described  the  upper  and  lower  limits  of  water  held  in  the 
soil  for  plant  uptake.  The  water  content  of  the  soil  at  FC  is  that  retained  in  a  soil  against 
gravitational  forces  two  or  three  days  after  the  soil  has  been  saturated  and  after  free  drainage 
has  practically  ceased.  The  WP  is  the  accepted  soil  moisture  content  at  which  plants  have 
difficulty  or  stop  withdrawing  water  from  the  soil  and  become  permanently  wilted.  The 
FC  and  WP  soil  moisture  contents  are  expressed  as  a  percent  of  the  oven  dry  weight  of  the 
soil  sample,  and  provide  a  quantitative  measure  of  the  water-holding  characteristics  of  a  soil 
at  these  pressure  potentials.  The  difference  between  the  FC  and  WP  values  is  the  plant 
available  water  capacity  of  the  soil,  PAW.  The  plant  available  water  of  the  soil  is  an  approxi¬ 
mation,  usually  expressed  as  a  percent  of  the  oven  dry  weight  of  the  soil,  of  the  potential 
water  that  a  soil  could  hold  and  that  could  be  taken  up  by  an  actively  growing  plant. 

Stepwise  linear  regression  analysis  was  performed  on  the  soil  textural  and  soil  mois¬ 
ture  data  to  describe  the  relationships  between  (a)  the  percent  sand  (b)  the  percent  clay 
and  (c)  percent  fines  (silt  plus  clay)  with  the  percent  soil  water  retained  at  the  0.33  and  15 
bar  potentials. 


23L.A.  Richards,  (ed).  Diagnosis  and  Improvement  of  Saline  and  Alkalai  Soils.  US  Department  of  Agriculture,  Washington, 
DC,  Handbook  60. 1954. 

24M.B.  Sattcrwhitc,  f  initiating  Soil  Moisture  and  Textural  Relationships  using  Regression  Analysis,  US  Army  I-nginecr 
Topographic  Laboratories,  Ft.  Bclvoir,  VA,  F.TL-0226,  June  1980. 
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The  study  of  landform  as  a  separate  pattern  element  was  necessary  because  of  the 
stated  objective  of  evaluating  the  relations  between  landform,  soil  type,  and  vegetation. 
The  criteria  for  identifying  and  evaluating  landform  units  on  the  1:50,000  scale  stereo- 
scopically  viewed  aerial  photography,  in  decreasing  order  of  importance,  were:  the  three- 
dimensional  characteristics  of  shape,  size,  slope,  spacing,  arrangement,  and  orientation; 
the  drainage-plan  characteristics  of  pattern  and  density  (spacing  of  drainageways);  the 
drainage-elevation  characteristics  of  gully  cross  section,  gully  gradient  (uniformity  and 
steepness),  and  degree  of  incision;  and  the  amount  of  structural  control  exhibited  in  the 
drainageways.  These  characteristics  were  used  for  identifying  the  major  landform  categories 
of  (A)  mountains/hills,  (B)  alluvial  fans,(C)  basins,  and  (D)  washes;  and  the  subunits  within 
these  major  categories.  The  pattern  element  of  photo  tone  and  texture  helped  isolate  sub¬ 
units  within  these  major  landform  categories,  excluding  the  washes.  With  respect  to  the 
mountains/hills  landform  unit,  the  pattern  elements  of  ridge  crest  characteristics,  degree  of 
ruggedness,  rock  layering,  rock  dip,  and  rock  type  were  also  used  to  differentiate  the  sub¬ 
units  of  this  major  category.  The  major  categories  and  the  subunits  were  identified  on  each 
photomosaic  and  delineated  on  a  clear  acetate  overlay,  using  a  marking  pen.  This  acetate 
overlay  became  a  permanent  record  of  the  landform  units,  and  was  used  to  describe  the 
landform  conditions  with  the  study  area. 

The  percentage  of  the  total  study  area  occupied  by  each  landform  unit  was  determined 
by  sampling  the  landform  overlay  for  each  photomosaic.  This  entailed  laying  a  grid  template, 
which  had  been  divided  into  2  x  2  cm  segments,  over  each  overlay.  The  landform  unit 
falling  beneath  the  intersection  of  the  grid  lines  was  determined.  Care  was  taken  to  ensure 
that  the  overlap  areas  between  the  three  photomasaics  were  sampled  only  once.  A  total  of 
6,033  sample  points  were  taken  in  the  2.4  square  meter  photomosaics  of  the  study  area. 


Identifying  the  land  cover  mapping  units  was  based  on  differences  in  photo  tones 
and  textures  that  were  discernible  on  the  1:50,000  scale  stereoscopicallv  viewed  aerial 
|  '  photography.  These  discrete  areas  were  identified  on  the  photomosaics  and  mapped  on  an 

acetate  overlay  for  each  mosaic,  maintaining  consistency  in  the  land  cover  interpretation  and 
I  mapping  throughout  the  study  area.  The  minimum  practical  mapping  unit  size  was  5 

|  ;  hectares  (12  acres).  Discrete  areas  identified  on  the  photography  but  not  satisfying  the 

I  minimum  mapping  unit  size  were  included  in  the  adjacent  larger  unit  having  the  most  similar 

|_  .£  photo  tone  and  texture. 

§ 


If  the  assumption  that  the  land  cover  mapping  units  are  representative  of  discrete 
plant  communities  is  correct,  it  should  be  possible  to  recognize  and  describe  these  com¬ 
munities  using  phytosociological  techniques.  Evaluating  the  phytosociological  data  collected 
at  a  number  of  sample  sites  in  each  land  cover  unit  type  would  substantiate  the  validity  of 
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this  assumption  because  a  direct  land  cover  unit-plant  community  relationship  would  be 
depicted  by  a  rather  homogeneous  species  composition  and  species  ground  cover  values 
among  the  sample  sites  in  a  land  cover  unit.  By  locating  each  sample  site  of  a  plant  com¬ 
munity  on  the  aerial  photomosaic  and  noting  the  photo  pattern  of  the  site,  the  association 
between  photo  pattern  and  plant  community  can  be  made.  The  evaluation  of  this  relation¬ 
ship  between  photo  tone/texture  (pattern)  and  phytosociological  data  would  satisfy  the 
first  objective  of  this  study. 


The  species  composition,  species  percent  ground  cover,  and  ancillary  site  data  were 
collected  at  294  sample  sites  within  the  study  area.  Some  replicate  sites  were  located  in 
each  land  cover  mapping  unit  type.  These  sites  were  dispersed  throughout  the  study  area  so 
the  species  diversity  within  the  land  cover  type  could  be  ascertained  from  the  phytosocio¬ 
logical  data.  The  positioning  of  each  sample  site  in  the  field  was  done  to  obtain  a  repre¬ 
sentative  sample  of  the  plant  community  and  conditions.  Care  was  taken  to  avoid  the  dis¬ 
turbances  associated  with  roads,  water  tanks,  or  other  localized  disturbance  factors.  Some 
land  cover  units  occurring  over  sizable  areas  were  generally  disturbed.  In  these  units,  samples 
were  taken  at  locations  that  were  representative  of  the  general  nature  of  the  land  cover  unit. 
The  large  size  of  the  study  area,  6.0  x  10s  hectares  (1.5  by  106  acres),  made  a  statistical 
field  sampling  of  the  landform  or  land  cover  units  an  impractical  task  for  this  study  effort, 
because  of  limited  resources. 


At  each  sample  site,  a  20-by  20-meter  sample  quadrant  was  positioned  so  that  the 
plant  species  composition  and  species  percent  ground  cover  within  the  quadrant  appeared 
representative  of  the  plant  community.  Often  two  quadrants  were  close  to  each  other  in  the 
same  mapping  unit. 


The  ground  cover  class  was  estimated  for  each  species  found  within  the  quadrant. 
The  species  ground  cover  was  the  estimated  sum  of  the  vertical  projections  of  the  crowns 
for  all  individuals  of  a  species  in  the  quadrant.  Each  crown  was  assumed  to  have  100  percent 
canopy  closure  within  the  ground-crown  intercept.  The  effects  of  crown  porosity,  leaf 
shape,  or  leaf  orientation  upon  the  percent  ground  cover  were  not  considered.  A  visual 
percentage  of  bare  ground  was  also  made.  The  relative  percent  ground  cover  for  each  species 
and  the  bare  ground  were  assigned  to  one  of  seven  ground  cover  classes: 
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Other  than  the  perennial  grass  species,  herbaceous  plant  species  were  not  used  to 
characterize  land  cover  mapping  units  because  of  their  short  lifespan  or  low  presence  in  the 
study  area.  Annual  herbaceous  plants  occasionally  formed  a  dense  ground  cover  in  some 
recently  disturbed  areas,  but  the  cover  lasted  for  only  a  short  time.  Perennial  grass  and 
woody  plants  provided  a  better  basis  for  community  description  because  of  their  constant 
presence  and  reoccurring  nature.  Although  climatic  variability  can  change  plant  vitality  and 
ground  cover  values,  the  occurrence  of  perennial  species  in  a  community  does  not  vary  as 
greatly  as  the  occurrence  of  the  annual  species. 


The  species  composition  and  percent  ground  cover  for  the  shrub  and  grass  species  for 
the  eastern  portion  of  the  Fort  Bliss  reservation  (MacGregor  Range),  as  presented  by 
Kenmatsu  and  Pigott,25  were  included  in  this  analysis.  These  data  are  the  phytosociological 
data  presented  for  sites  119  through  129. 

The  nomenclature  for  plant  species  used  is  in  accordance  with  Hitchcock26  for  the 
grass  species  and  Correll  and  Johnson27  and  Vines28  for  all  other  vascular  plants. 


~^R.D.  Kenmatsu  and  J.D.  Pigott,  A  Cultural  Resources  Inventory  and  Assessment  of  McGregor  Guided  Missile  Range. 
Otero  County,  New  Mexico,  Part  III.  Botanical  and  Geological  Studies.  Tex  Archeological  Survey  Research  Report  No. 
65:111,  University  of  Texas,  Austin,  TX.  1977. 

26A.A.  Hitchcock,  Manual  of  the  Grasses  of  the  United  States,  2nd  edition  (revised  by  Agnes  Chase),  US  Department  of 
Agriculture  Miscellaneous  Publication  No.  200. 1950. 

27D.S.  Correll  and  M.C.  Johnston,  Manual  of  the  Vascular  Plants  of  Texas.  Texas  Research  Foundation,  Renner.  Texas, 
1*»70.  p  1 881 . 

28R.A.  Vines,  Trees,  Shrubs  and  Woody  Vines  of  the  Southwest,  Austin,  TX:  University  of  Texas  Press.  1960.  p  1104. 
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The  Tabular  Comparison  Method  was  used  to  arrange  and  group  the  phytosociological 
data  and  to  assist  in  identifying  the  plant  communities.  This  procedure  is  described  by 
Mueller-Dombois  and  Ellenberg29  and  by  Kuchler.30  The  phytosociological  data  was  ana¬ 
lyzed,  in  part,  using  the  “Phyto  69”  computer  program  developed  by  Leith  and  Moore.31 
The  computer  technique  essentially  performs  the  same  operations  that  could  be  accomplished 
clerically  with  the  Tabular  Comparison  Method,  except  that  by  using  Lin’s  algorithm,  the 
clustering  or  grouping  of  data  process  has  been  automated.3  2 


The  frequency  boundary  limits  required  in  the  automated  clustering  of  the  phytoso¬ 
ciological  data  were  10  and  75  percent.  These  limits  remove  those  plant  species  occurring 
with  a  frequency  less  than  10  percent  or  greater  than  75  percent  from  the  total  sample 
for  clustering  of  the  sample  data  and  the  sample  sites  because  the  rare  or  ubiquitous  plant 
species  aid  very  little  in  the  discrimination  between  the  plant  communities.  By  temporarily 
removing  these  species  from  the  total  sample  (during  the  evaluation  and  clustering  of  phyto¬ 
sociological  data),  critical  species  characterizing  discrete  plant  communities  can  be  readily 
identified. 


Descriptions  of  the  plant  communities  were  based  on  the  species  physiognomic  char¬ 
acter,  species  composition,  and  species  percent  ground  cover.  The  following  procedures 
were  used  to  recognize  the  plant  communities  from  the  clustered  phytosociological  data 
and  to  assign  botanical  names  to  the  plant  communities: 

1 .  Determine  the  species  and  the  species  ground  cover  class  in  the  quadrants. 

2.  Assign  each  species  to  a  physiognomic  class:  (a)  tree,  (b)  shrub,  (c) 
grass,  or  (dj  other  herbaceous  plants,  with  the  tree  class  given  the  largest  significance  value 
and  the  other  herbaceous  plant  group  the  smallest. 


20I).  Mueller-Dombois  and  H.  EUcnbcrg,  Aims  ami  Methods  of  Vegetation  Ecology.  New  York:  John  Wiley  and  Sons,  Inc., 
1975.  p  547. 

30A.W.  Kuchler,  Vegetation  Mapping.  New  York:  Ronald  Press  Co,  1967. 

2  Hi.  Licth  and  G.W.  Moore,  “Computerized  Clustering  of  Species  in  Phytosociological  Tables  and  its  Utilization  for  Eicld 
Work.”  In  Spatial  Patterns  and  Statistical  Distributions  by  G.P.  Patil,  E.C.  Pielou,  and  W.E.  Waters  (eds).  University  Park, 
PA:  The  Pennsylvania  State  University  Press,  1971. 403-422. 
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3.  identify  the  physiognomic  character  of  each  quadrant  by  summing  the 
ground  cover  class  values  for  all  species  grouped  in  a  physiognomic  class.  The  physiognomic 
class  with  the  largest  ground  cover  for  the  quadrant  defines  the  physiognomic  character 
of  the  quadrant  as  forestland,  shrubland,  grassland,  or  other. 

Forestland:  tree  species  totaling  more  than  25  percent  of  the  ground  cover. 

Shrubland:  (1)  shrub  species  totaling  6  to  25  percent  or  more  of  the 
ground  cover,  with  grass  species  forming  less  than  25  percent 
ground  cover  and  less  than  1  percent  tree  ground  cover;  or 
(2)  shrub  species  totaling  1  to  5  percent  ground  cover  with 
grass  species  forming  less  than  6  percent  ground  cover,  and 
trees  absent. 

Grassland:  (1)  grasses  totaling  more  than  25  percent  ground  cover. 

with  shrub  species  forming  less  than  6  percent  ground  cover 
and  trees  less  than  1  percent  cover;  or  (2)  grasses  totaling 
more  than  51  percent  ground  cover,  with  shrub  species  forming 
less  than  26  percent  ground  cover  and  trees  less  than  1  percent 
ground  cover. 

Other:  (1)  bare  ground  areas  with  more  than  75  percent  exposed 

ground  surface  and  the  total  vegetative  cover  less  than  25 
percent  with  no  species  forming  more  than  1  percent  ground 
cover;  (2)  urban  and  built-up  areas  and  water  bodies:  those 
areas  where  man’s  activities  have  drastically  altered  or  elim¬ 
inated  vegetation  cover,  i.e.  military  cantonments,  civilian 
housing  and  business  areas,  built-up  military  facilities,  and 
constructed  firing  positions  for  military  weapons. 

4.  Arrange  the  species  in  the  physiognomic  group  by  the  ground  cover  class 
from  large  to  small. 

5.  Identify  the  species  with  the  largest  ground  cover  class  in  the  quadrant. 
The  species  with  the  largest  ground  cover  class  formed  the  primary  name  for  the  land  cover 
unit.  The  species  having  the  second  largest  ground  cover  class  value  is  listed  second.  If  two 
species  occurred  with  equal  ground  cover  class  values,  the  shrub  with  the  lowest  numbered 
mapping  symbol  is  used  as  the  primary  name  in  the  land  cover  unit  name. 


Specific  relationships  between  plant  communities  and  the  photo  tones  and  textures 
were  identified  by  correlating  the  photo  tones  and  textures  and  the  species  composition 
and  ground  cover  values  for  the  clustered  quadrant  data.  Because  of  the  association  between 
the  tones  and  textures,  the  plant  communities  could  be  mapped  throughout  the  study 
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area.  Some  plant  communities  may  have  been  grouped  with  other  mapping  units  because 
their  photo  tones  and  textures  were  not  sufficiently  discrete  or  because  at  a  specific  location 
the  plant  community  did  not  satisfy  the  minimum  mapping  unit  sire  of  5  hectares. 


Twenty-seven  land  cover  mapping  units  were  identified,  for  which  an  average  ground 
cover  class  and  the  absolute  and  relative  frequency  for  each  plant  species  was  determined. 

The  following  parameters  were  used: 

Qt  -  the  total  number  of  quadrants  examined  for  a  given  land  cover  unit. 

Q  -  the  number  of  quadrants  in  which  a  species  was  found  in  a  given  land 
cover  mapping  unit. 

Sum  Q  -  the  sum  of  all  quadrants  for  all  species  found  in  a  given  land  cover 
mapping  unit. 

Absolute  frequency  (Q/Qt  times  100  percent)  -  the  percentage  of  the  quad¬ 
rants  occupied  by  a  given  species  as  a  percent  of  the  total  number  of  quadrants 
for  a  given  land  cover  unit.  The  absolute  frequency  of  a  plant  species  in  a  parti¬ 
cular  plant  community  was  described  as  rare,  less  than  20  percent;  infrequent, 
21  to  40  percent;  less  frequent,  41  to  60  percent;  frequent,  61  to  80  per¬ 
cent;  and  common,  more  than  80  percent. 

Relative  frequency  (Q/Sum  Q  times  100  percent)  -  the  number  of  quadrants 
in  which  a  species  was  found  as  a  percentage  of  the  total  of  the  quadrants  for 
all  species  found  in  a  given  land  cover  unit. 

Species  average  ground  cover  class  -  a  categorical  ground  cover  class  assigned 
to  each  species  based  upon  the  average  species  ground  cover  class  values  for  all 
quadrants  assigned  to  a  given  land  cover  unit. 

The  grid  point  sampling  procedure  discussed  previously  was  used  to  determine  the 
percentages  of  the  various  land  cover  mapping  units  in  the  study  area.  Coefficients  of  sim¬ 
ilarity  were  calculated  between  each  of  the  plant  communities  using  the  relative  frequencies 
of  each  species  in  a  plant  community.  Coefficients  of  similarity  represent  the  similarity 
between  two  plant  communities  based  on  their  respective  species  composition  and  the  re¬ 
lative  frequency  of  each  species.  The  coefficients  of  similarity  were  calculated  by  the  fol¬ 
lowing  equation: 

SC  =  2W/(A+B)  (2) 


where  W  equals  the  sum  of  the  smallest  relative  frequency  percentage  for  a  species  found 
in  Community  A  and  Community  B,  and  where  A  and  B  equal  the  sum  of  the  relative 
frequency  percentages  for  all  plant  species  found  in  Community  A  and  Community  B, 
respectively. 
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RESULTS 


SOIL  ANALYSIS.  The  importance  of  soil  conditions  to  the  distribution  of  plant  com¬ 
munities  and  plant  species  cannot  be  overstated.  Soil  pH,  salinity,  texture,  and  soil-water 
characteristics  are  important  factors  that  affect  the  growth  and  distribution  of  plant  species. 
Each  of  these  soil  parameters  was  determined  in  the  laboratory  for  1 28  of  the  sample  sites 
(appendix  2).  Other  data,  describing  soil  depth,  parent  material,  and  the  petrocalcic  horizon, 
were  collected  in  the  field  at  each  of  the  294  sample  sites. 


Soil  pH.  Soil  pH  in  the  study  area  ranged  from  7.4  to  8.7.  Sands,  loams, 
and  clay  soils  all  had  pH  values  within  this  range.  There  was  no  apparent  relationship 
between  the  soil  pH  value  and  the  soil  texture  of  the  soil  samples  in  this  study. 


Salinity.  Soil  salinity,  determined  on  the  saturated  extract,  ranged  from  17 
to  340  ppm  (parts  per  million)  total  soluble  salts,  and  showed  a  relationship  with  the  soil 
texture.  Soils  containing  greater  than  70  percent  sand  had  the  lowest  range  of  salinities, 
ranging  from  17  to  180  ppm;  loam  soils  ranged  from  46  to  224  ppm;  and  soils  con¬ 
taining  greater  than  30  percent  clay  had  the  highest  range,  85  to  340  ppm.  These  sa¬ 
linities  were  not  great  enough  to  effect  plant  distribution  because  they  were  substantially 
less  than  the  level  (1280  ppm  total  soluble  salts)  that  begins  to  effect  Diant  growth.33 

Particle  Size  Analysis.  The  soils  in  the  study  area  were  highly  variable  in  their 
textural  composition,  ranging  from  almost  85  percent  clay  to  90  percent  sand.  Most 
soils,  however,  were  either  loamy,  clayey,  or  sandy  in  texture.  The  textural  classes  of  the 
128  surficial  soil  samples  were  either:  gravelly  clay,  clay,  loam,  sandy  clay  loam,  loamy 
sand,  gravelly  loam,  gravelly  silt  loam,  silty  clay,  or  sandy  loam.  The  percent  gravel  in  the 
128  surface  soil  samples  ranged  from  0to38  percent;  the  percent  sand  from  0to90 
percent,  the  percent  silt  from  40  to  48  percent;  and  the  percent  clay  from  0  to  85  per¬ 
cent.  Data  describing  the  particle  size  distribution  among  the  six  particle  size  classes  for  each 
sample  are  presented  in  appendix  B,  together  with  the  soil  textural  classification. 
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L.A.  Richards  (id).  Diagnosis  and  Improvement  of  Saline  and  Alkalai  Soils.  US  Department  of  Agriculture,  Washington. 
DC,  Handbook  60.  1954. 


Soils  containing  more  than  60  percent  sand  did  not  contain  more  than  3 
percent  gravel.  The  sands,  loamy  sands,  and  sandy  loams  contained  less  than  3  percent 
gravel-sized  particles,  loosely  cemented  by  carbonates,  and  were  easily  broken  apart  with  a 
rubber-tipped  pestle.  Substantial  amounts  of  gravel  (>  20  percent)  were  often  found  in  soils 
high  in  percent  silt  and  clay.  Soils  containing  more  than  20  percent  gravel  were  all  of  the 
loam,  silt  loam,  and  silty  clay  loam  textured  soils,  and  about  half  of  the  clay  loam,  sandy  clay 
loam,  clay,  and  silty  clay  textured  soils.  Generally,  soils  obtained  from  the  deeper  portions 
of  the  profile  contained  more  gravel-sized  particles  than  surface  samples. 


The  soil  textural  data  show  an  inverse  relationship  between  the  percent  sand  and 
clay.  Samples  with  a  high  sand  content  had  a  low  percentage  of  clay  and  samples  with  a  high 
clay  content  contained  a  low  percentage  of  sand  (figure  8).  The  percent  sand  and  percent 
clay  were  determined  for  the  portion  of  the  sample  passing  through  the  2.0  mm  sieve. 

The  percent  of  the  four  soil  separates,  gravel,  sand,  silt,  and  clay,  for  each  soil 
sample  is  summarized  by  land  form  mapping  unit  in  appendix  C. 


Soil  Moisture  Constants.  The  soil  water  retained  by  the  179  soil  samples 
ranged  from  2  to  37  percent  for  the  0.33  bar  potential,  and  from  1  to  23  percent 
for  the  15  bar  potential. 


The  moisture  retention  characteristics  of  a  soil  are  highly  correlated  with  soil 
textural  characteristics.  Soils  holding  the  least  amount  of  water  at  the  0.33  or  15  bar 
potentials  were  those  with  a  high  percentage  of  sand.  Plots  of  the  percent  soil  moisture  for 
0.33  and  1 5  bar  potentials  against  the  percent  sand  in  the  soil  samples  show  that  the  percent 
sand  and  the  soil  water  are  inversely  related  (figure  9).  The  correlation  coefficients  (multiple 
R  values)  for  these  relationships  were  0.96  and  0.93,  for  the  0.33  and  15  bar  potentials, 
respectively,  which  were  determined  by  stepwise  multiple  regression  analysis.34 
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PERCENT  WATER  PERCENT  WATER 


The  soil  moisture  for  the  0.33  and  1 5  bar  potentials  were  highly  and  directly 
correlated  with  the  percent  clay  in  the  soil  (figure  10).  The  correlation  coefficients  (multiple 
R  values)  for  the  relationships  between  the  percent  clay  and  the  percent  soil  water  held 
at  the  0.33  and  15  bar  potentials  were  0.83  and  0.90,  respectively.  As  the  percent  day 
increased  between  the  soil  samples,  a  proportional  increase  in  the  soil  water  held  at  the 
0.33  and  15  bar  potentials  was  observed.  This  relationship  war.  consistent  for  samples 
having  less  than  62  percent  clay.  Samples  with  more  than  62  percent  day  did  net  hold 
a  proportionately  higher  amount  of  soil  water  at  the  1 5  bar  potential  (figure  10.) 


The  14  samples  containing  62  percent  or  more  clay  were  obtained  from  the 
soils  developing  on  shale  beds  and  alluvium  on  the  interbedded  limestones  and  shales  and 
contained  partially  weathered  shale  fragments  that  ranged  from  medium  sand  to  fine  gravel 
in  size. 


The  amount  of  water  held  in  these  samples  was  similar  to  amounts  determined 
for  samples  containing  less  clay.  An  explanation  for  this  situation  might  be  related  to  the 
differences  in  the  soil  pore  space  for  samples  of  different  textural  composition.  In  sandy 
soils,  the  pore  space  is  relatively  large  and  the  forces  holding  the  available  water  are  relatively 
weak.  As  the  pressures  are  applied  to  a  saturated  soil,  these  large  pores  are  readily  emptied 
of  water,  with  only  a  small  amount  of  absorbed  water  on  the  soil  particles.  In  clay  soils, 
the  pore  sizes  are  smaller,  more  uniformly  distributed,  and  tend  to  absorb  greater  amounts 
of  water.  At  any  gradually  increasing  soil  water  potential,  these  soils  will  gradually  decrease  in 
water  content.  The  clay  soils  will  retain  more  water  at  the  higher  potentials  than  will  the 
sandy-textured  soils  at.  the  same  potential. 


Soils  holding  the  least  amount  of  water  at  either  the  0.33  or  15  bar  potentials 
were  those  with  a  high  percentage  of  sand.  The  soils  holding  the  largest  amount  of  water 
had  a  high  percentage  of  clays  or  fines.  The  relationships  for  the  sand,  clay,  and  fines  in  the 
water  retained  at  the  0.33  and  15  bar  potentials  are  shown  in  figures  9,  10,  and  11, 
respectively.  The  regression  curves  were  generated  from  the  stepwise  regression  analysis  of 
soil  texture  and  soil  water  data  for  179  soil  samples.  Regression  curves  were  also  generated 
from  data  for  165  of  the  179  soil  samples  that  did  not  contain  weathered  shale  particles. 
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PERCENT  WATER  PERCENT  WATER 


Source:  Satterwhite 


FIGURE  10.  Percent  Soil  Water  Held  at  0.33  and  15  Bar  Potentials 
Plotted  as  a  Function  of  Percent  Clay. 
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PERCENT  WATER  PERCENT  WATER 


Stepwise  multiple  regression  analysis  showed  a  strong  and  direct  relationship 
between  the  percent  soil  water  held  at  the  0.33  bar  (FC)  and  the  1 5  bar  (WP)  potentials 
with  the  percent  sand  plus  the  percent  clay  in  the  soil  samples.  The  regression  equations 
expressing  these  relationships  were 


FC  =  32.9  -  (0.33  x  percent  sand)  +  (0.05  x  percent  clay)  (3) 

WP  =  11.2  -  (0.12  x  percent  sand)  +  (0.09  x  percent  clay)  (4) 


The  correlation  coefficients  (multiple  R  values)  were  0.96  and  0.93,  respectively. 


The  percent  water  retained  at  the  0.33  and  15  bar  potentials  were  also 
strongly  and  directly  correlated  with  the  percent  fines  (silt  plus  clay)  in  the  soil  sample 
(figure  7).  Regression  equations  developed  for  these  relationships  were 


FC  =  -0.42  +  (0.30  x  percent  fines)  (5) 

WP  =  -0.32  +  (0.17  x  percent  fines)  (6) 

The  correlation  coefficients  (multiple  R  values)  were  0.96  and  0.92,  respectively.35 
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LANDFORMS.  Four  major  landfonn  categories  were  identified  in  the  study  area  from 
the  stereoscopically  viewed  aerial  photography.  They  are  mountains/hills  (A),  alluvial  fans 
(B),  basin  areas  (C),  and  washes  (D).  The  spatial  arrangement  of  the  major  iandform  units 
and  their  subunits  are  shown  in  figures  12,  13,  and  14.  Each  of  the  major  Iandform  cat¬ 
egories,  except  the  wash  category,  was  further  subdivided  into  discrete  iandform  subunits. 
The  relative  percentage  of  the  study  area  occupied  by  each  landfonn  subunit  is  presented  in 
table  3,  and  the  spatial  relationships  between  the  landfonn  units  are  shown  in  figure  15. 


TABLE  3.  Landform  Units  and  Their  Percentages  in  the  Study  Area 


Map  Percent 

Major  Landfonn  Unit  Symbol  Landform  Subunit  of  Study  Area 


Mountains/Hills 

A1 

Mesa 

15.8 

A2 

Highly  dissected  hills 

16.1 

A3 

Rugged,  sharp-crested  mountains 

2.3 

Alluvial  Fans 

B1 

Primary  high  elevation  fans 

10.8 

B2 

Secondary  high  elevation  fans 

1.2 

B3 

Mottled,  intermediate  elevation  fans 

6.8 

B4 

Dark-toned,  lowest  elevation  fans 

3.6 

B5 

Fans  covered  with  deep  aeolian  sand 

3.5 

B6 

High  elevation  anomolous  fans 

0.7 

Basin  Areas 

Cl 

Light-toned,  speckled  sand  dunes 

30.2 

C2 

Dark-toned,  rough-textured  dunes 

2.6 

C3 

Low,  smooth  areas 

2.5 

C4 

Small,  dark-toned  depressions 

1.5 

Washes 


D 


2.0 

99.6 


FIGURE  12.  Land  form  Map  of  the  Study  Area.  Photomosaic 


The  mountains/hills  areas  comprise  34  percent  of  the  study  area.  They  are  the  highest 
in  elevation,  and  the  most  rugged  parts  of  the  study  area.  Relief  is  generally  high,  and  slopes 
are  often  steep  (>  70  percent).  The  drainageways  are  usually  strongly  incised,  anu  drainage 
patterns  in  these  areas  are  dendritic.  A  high  degree  of  structural  control  is  exhibited  locally, 
and  the  drainage  density  is  generally  high.  Three  subunits  were  identified  in  this  landform 
category:  (1)  large,  flat-topped  mesas  (Al);  (2)  large,  highly  dissected  rock  masses  that 
include  many  relatively  small,  isolated  rock  bodies  (.inselbergs)  (A2):  (3)  large  areas  of 
rugged,  sharp-crested  mountains,  which  also  include  some  inselbergs  (A3). 


Alluvial  fans  comprise  27  percent  of  the  study  area.  They  are  identified  by  their 
distinctive  fan  shape,  distributary  drainage  pattern,  moderate  slope  (3  to  5  percent),  and 
topographic  position  between  the  rock  masses  and  the  low,  flat  basins  (figure  15).  Relief 
and  drainage  characteristics  on  the  alluvial  fans  vary  according  to  the  topographic  position 
and  in  the  degree  of  fan  development.  Fans  occur  both  individually  and  as  broad  aprons 
(bajadas).  The  alluvial  fans  were  subdivided  into  six  discrete  subunits,  B1  through  B6 
(table  3). 


The  basin  areas  occupy  37  percent  of  the  study  area  and  are  the  largest  landform 
units.  They  are  flat,  with  little  relief,  and  occupy  the  lowest  elevations.  Few  drainageways 
are  apparent  in  these  areas,  although  some  channel-like  depressions  with  gullies  along  their 
sides  were  identified.  The  gentle  regional  slope  of  the  basin  areas  in  the  north  is  to  the  north, 
and  in  the  south,  is  to  the  south;  but  the  boundary  between  these  two  areas  is  very  difficult 
t.o  discern  on  the  aerial  photography.  The  basin  category  was  divided  into  four  discrete 
subunits.  Cl  through  C4  (table  3). 


Washes,  comprising  2  percent  of  the  study  area,  are  the  major  stream  channels  up¬ 
stream  from  where  the  drainage  pattern  becomes  distributary  or  where  the  major  channels 
enter  the  B4  alluvial  fans.  Washes  include  the  immediate  overflow  areas  associated  with 
the  channels.  Distinct  channels,  defined  by  steep  side  walls,  are  sometimes  observable  on  the 
alluvial  fans,  but  drainageways  in  these  areas  were  usually  identified  by  the  contrasting  very 
dark  and  very  light  photo  tones  within  them.  Washes  in  the  mountains/hills  landform  unit 
have  either  U—  or  V-shaped  cross  sections;  whereas,  those  in  the  alluvial  fan  complex  were 
box-shaped  cross  sections  with  almost  vertical  side  walls  and  flat  bottoms. 
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Mountains/Hills. 

Mesa  (Al).  !  lie  mesa  ( A 1 )  landfoun  summit.  located  m  tile  easier!1 
portion  o!  the  sunk  area,  is  composed  of  relative!}  smooth,  flat-topped  high  aieas  that  siotu 
gentl\  to  the  east  (figure  16).  Hie  mesas  are  bounded  at  least  on  one  side  in  a  steep  es¬ 
carpment  (figure  l“).  The  unit  includes  the  western  portion  of  the  Otero  Mesa  and  several 
large  buttes  similar  to.  but  separate  trom.  the  Otero  Mesa.  l'ho  mesa  land  form  occurs  on  tiu 
highest  elevations  and  comprises  nearh  16  pet  cent  of  ilk  _aid\  -area.  Drainage  is  si’arse 
and  generally  dendutic.  although  some  discontinuous  drainage  was  observed.  Drainagcwav - 
arc  moderate^  incised  and  are  usiiaiiv  shallow  and  L-shaped.  The  A!  land  forms  are  under¬ 
pin  by  genth  dipping  sedimeniarv  rocks,  which  are  predominant!}  limestone  with  sonic 
shale  and  minor  sandstone. 


Soils  on  the  Al  iandforms  are  primarily  clav  loams  with  gravel  Sod 
vlepth  is  more  than  45  cm  on  areas  with  less  than  3  percent  slope,  but  on  steeper  slopes, 
the  soil  depth  ranged  from  15  to  30  cm.  The  amount  of  gravel  in  the  surface  soils  rangvd 
irom  10  to  20  percent  with  the  gravel  particles  less  than  2.5  cm  in  diameter.  I  n  shallow 


FIGURE  16.  The  genth  sloping  surface  of  the  Otero  Mesa  (L.mdform  Unit  Al  i.  h.oknn 
west  (Site  2!'0).  The  low  liilis  m  the  background  arc  put  ot  tile  A2  land 
form.  1  ik  vegetative  cover  is  Bnuielotia  grants  an!  Bmih bnu  hir\ut„ 
with  the  Biiiii-iuu;!  enujunia  -  Lairea  inJcn:ata  communitv  till  m 
the  backuroumi. 


FIGURE  17.  The  Otero  Mesa  escarpment  with  the  upper  alluvial  fans  (31)  in  the  fore¬ 
ground.  The  Otero  Mesa  slopes  to  the  East  (left)  and  the  alluvial  fans  slope 
to  the  West.  The  plant  community  on  the  alluvial  fans  is  Larrea  tridemata 
(20). 


Highly  dissected  hills  (A2).  The  A2  Iandforms  are  linear  in  nature, 
trending  roughly  north-south.  Prominent  layering  is  apparent  in  the  moderately  to  steeply 
dipping  sedimentary  rocks  that  form  this  landform  subunit  (figure  18).  Rock  types  are 
limestone  with  some  sandstone  and  shale.  These  Iandforms,  comprising  16  percent  of  the 
study  area,  are  usually  lower  in  topographic  position  than  A1  Iandforms,  although  in  a  few 
instances,  A2  Iandforms  are  found  on  the  Otero  Mesa.  The  A2  Iandforms  are  distinguished 
from  A1  Iandforms  by  their  high  degree  of  dissection  and  their  steeper  rock  dip.  Drainage 
density  is  high  and  drainageways  are  V-shaped.  The  drainage  pattern  is  dendritic,  but  with 
some  structural  control.  Relief  is  much  greater  than  on  A  l  landform  subunits.  The  large 
rock  masses  in  this  landform  subunit  are  often  bounded  by  nonheast-trending  faults.  In- 
selbergs,  common  in  this  subunit,  are  not  always  fault-bounded.  The  A2  Iandforms  comprise 
most  of  the  Hueco  Mountains  and  the  dissected  hills  below  the  Otero  Mesa  escarpment  in 
the  eastern  part  of  the  study  area.  They  occur  in  the  western  part  where  they  form  the 
northern  and  southern  ends  of  the  Franklin  Mountains  and  the  southern  end  of  the  Organ 
Mountains  (figure  18). 
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FIGURE  18.  Highly  dissected  hills  Landform  (A2)  illustrated  by  this  oblique  aerial  view 
of  the  northern  portion  of  the  Franklin  mountains  (near  Site  140).  Lime¬ 
stone  beds  are  dipping  about  30°  to  the  west. 


Two  major  rock  sequences  were  recognized  within  this  landform  subunit 
from  field  work:  interbedded  limestones  and  shales,  and  bedded  limestones.  Although 
sandstone  is  distinctly  present  in  some  areas,  it  occurs  with  very  low  frequency.  The  lime¬ 
stone  sequences  were  not  identified  on  the  1:50,000  scale  and  the  1:100,000  scale  aerial 
photography  used  in  this  study. 

The  sequence  of  interbedded  limestones  and  shales  is  found  mainly  in 
the  rock  masses  and  inselbergs  in  the  eastern  part  of  the  study  area,  north  of  the  Hueco 
Mountains.  The  resistant  limestones  form  steep  slopes  (>  45  percent)  on  the  hillsides; 
whereas  gentle  slopes  occur  on  the  less  resistant  shale  beds.  An  excellent  example  of  this 
stair  step  pattern  is  near  Broyle  Tank,  at  sites  224  to  234,  where  the  shale  beds  are  accen¬ 
tuated  by  a  dense  grass  cover  (figures  7  and  14). 

Soils  developed  on  the  alluvium  are  silty  loam,  silty  clay,  and  gravelly 
silty  clay  loam.  The  soil  depth  is  usually  more  than  30  cm,  although  soils  depth  is  usually 
less  than  15  cm  on  the  limestone  beds.  Residual  soils  developed  on  the  shale  layers  of  the 
interbedded  sequence  are  clay,  clay  loam,  gravelly  clay,  or  gravelly  clay  loam.  Shale  frag¬ 
ments  in  these  soils  were  1.5  cm  or  less  in  diameter,  and  soil  depth  is  mostly  less  than  30  cm. 
Limestone  bedrock  formed  the  major  portion  of  the  surface  in  this  areas,  and  in  some  places, 
alluvial  materials  were  found  at  the  base  of  individual  limestone  beds. 
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The  bedded  limestone  unit,  which  probably  contains  varying  amounts 
of  dolomite,  is  more  common  throughout  the  study  area  than  the  inlerbedded  sequence 
of  limestones  and  shales.  The  bedded  limestones  form  most  of  the  Hueco  Mountains,  and 
the  sedimentary  portions  of  the  Organ  and  Franklin  Mountains.  Both  areas  appear  to  be 
heavily  faulted.  Soils  on  these  limestones  and  dolomites  are  primarily  gravelly  loams,  with 
gravels  ranging  from  2.5  to  5  cm  in  diameter.  In  many  steep-sloped  areas,  fractured  bed¬ 
rock  was  exposed,  i.e.  sites  260,  263,  and  264,  and  the  upland  areas  at  site  296  (figures  7 
and  14).  The  soils  on  the  hillsides  are  usually  less  than  15  cm  deep.  At  the  bases  of  the  slopes, 
soils  forming  in  colluvium  are  deeper,  ranging  from  30  to  45  cm  or  more  in  depth. 

Site  270,  located  on  the  bedded  limestone  unit,  points  out  a  frequeni 
soil/bedrock  relationship  that  develops  on  escarpments  and  inselbergs  adjacent  to  the  basin 
area  in  the  eastern  part  of  the  study  area.  Sand  removed  from  the  basin  was  redeposited  by 
wind  on  these  areas.  On  well-established  sand  deposits  deeper  than  30  cm,  plant  species 
indicative  of  sandy  soils  rather  than  of  limestone  bedrock,  such  as  Artemisia  filifolia  and 
Sporobolus  contractus,  were  found. 


Rugged,  sharp-crested  mountains  (A3).  This  landform  unit  occurs  as 
mountain  ranges  and  occasionally  as  isolated  blocks  within  other  landform  units.  This  iand- 
form  unit  is  composed  of  igneous  rocks,  mainly  andesite,  rhyolite,  and  various  granitic  rock 
types.  In  some  areas,  the  granitic  rocks  might  be  metamorphosed  (figure  19).  The  landform 
is  most  common  in  the  western  part  of  the  study  area,  where  it  forms  large,  continuous  rock 
masses  in  the  central  part  of  the  Franklin  Mountains  and  most  of  the  Organ  Mountains. 
This  landform  also  occurs  as  isolated  mountainous  bodies  within  the  eastern  mountainous 
area,  such  as  Red  Hill  and  Cerro  Alto.  The  Jarilla  Mountains  also  belong  to  the  A3  landform 
unit.  The.  crests  of  these  igneous  blocks  and  ranges  are  rough  and  jagged  because  of  pro¬ 
minent  jointing.  The  A3  landforms  are  distinguished  from  the  A2  landforms  by  the  lack 
of  a  linear  trer.d,  prominent  layering,  and  their  slightly  darker  photo  tone.  Relief  is  greater 
here  than  in  the  other  landform  units.  Drainage  density  is  sparse  to  moderate,  as  is  the  degree 
of  drainageway  incision.  Drainageways  are  generally  V-shaped,  and  the  drainage  pattern 
is  dendritic.  Frequently,  the  A3  ’'mdform  units  are  simple  intrusions  that  have  been  exposed 
by  prolonged  weathering.  Some  ha»  attained  their  present  position  by  faulting. 


Soils  on  A3  landforms  are  rocky  and  very  shallow,  less  than  15  cm 
(figure  19).  Residual  soils  were  usually  loamy  gravels  and  sands,  and  on  colluvial  slopes, 
loamy  gravels.  Vegetation  is  confined  to  the  rock  fractures,  to  the  shallow  loamy,  rocky  soils 
less  than  15  cm  in  depth,  or  to  the  loamy  soils  15  to  20  cm  deep,  such  as  at  sites  261 
(Red  Hill)  and  258  (Cerro  Alto). 
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FIGURE  19.  Granite  outcrop  in  Fusselman  Canyon  in  the  Franklin  Mountains  (A3). 

The  rounded,  shape  of  the  outcrop  and  the  rocks  that  compose  it  appear 
as  rough,  sharp  crests  in  the  aerial  photography. 


Alluvial  Fans. 

Primary  high  elevation  fans  (Bl).  This  landform  subunit  includes  the 
high  elevation,  coarse-grained  alluvial  fans  that  are  located  immediately  adjacent  to  rock 
masses  and  are  formed  in  association  with  primary  streams.  These  fans  are  smooth  textured 
and  have  a  light-to-medium  photo  tone.  The  surface  drainage  pattern  is  well  developed  and 
moderately  dense.  Drainageways  are  incised,  and  most  of  the  drainage  originates  within 
the  subunit.  Relief  is  greater  on  these  fans  than  on  the  other  alluvial  fan  subunits.  These 
are  also  the  most  common  fan  units,  forming  approximately  1 1  percent  of  the  study  area. 
On  the  western  side  of  the  study  area,  they  form  a  large,  continuous  unit  along  the  flanks 
of  the  Franklin  and  Organ  Mountains.  Their  distribution  is  more  discontinuous  on  the  eastern 
side  of  the  study  area  where  they  occur  in  two  distinct  locations,  along  the  major  boundary' 
between  A1  and  A2  landform  subunits  and  at  lower  elevations  between  A2  landform 
subunits  and  the  B3  and  B4  alluvial  fans  (figures  12  and  14). 
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Soil  textures  on  the  B1  alluvial  Ians  were  gravelly  loam,  gravelly  clay 
loam,  gravelly  silt  loam,  clay,  gravelly  clay,  gravelly  sand  loam,  sandy  clay  loam,  and  gravelly 
sandy  clay  loam  (figures  20  and  21).  Soil  depth  ranged  from  15  to  45  cm,  although 
shallower  soils  were  found  overlying  the  petrocalcic  horizon.  The  percent  gravel  ranged  from 
10  to  40  percent  in  most  of  the  soil  samples. 


Secondary  high  elevation  fans  (B2).  The  B2  alluvial  fans  occur  pri¬ 
marily  at  high  elevations,  are  coarse  grained  like  the  B1  fans,  have  moderate  drainage  den¬ 
sity,  and  often  occur  adjacent  to  rock  masses.  The  B2  fans  occasionally  occur  below  the 
toes  of  B 1  fan  units.  They  are  of  smaller  areal  extent,  occur  along  secondary  rather  than 
primary  streams,  occupy  a  lower  topographic  position  than  B1  fans,  and  are  darker  in 
photo  tone  than  B1  fans.  Most  of  the  drainage  on  the  B2  fan  units  is  through  flowing 
-ather  than  originating  within  the  fan.  Drainageway  incision  is  light  to  moderate,  and  relief 
is  much  less  than  on  B1  fan  units.  The  B2  fans  comprise  only  1  percent  of  the  study  area. 
They  are  located  primarily  on  the  eastern  side  of  the  study  area  in  the  dissected  hills  north 
of  the  Hueco  Mountains,  between  the  two  sets  of  B1  fans  (figure  14).  No  soil  samples 
were  collected  in  this  landform  subunit;  however,  the  soil  texture  and  depth  should  be 
similar  to  those  conditions  described  for  the  B 1  fans. 
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FIGURE  21.  Vertical  section  of  a  Bl  fan  in  I’endejo  wash  (Site  248).  Horizons  of  coarse 
gravel  (a)  alternate  with  layers  of  finer  textured  materials  (b)  sands 
and  silts.  Cobbles  (c)  and  coarse  gravels  form  the  wash  floor. 
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Molded,  intermediate  elevation  fans  (133).  The  133  alluvial  fans  occur 
at  lower  elevations  hasimvard  of  the  Ml  and  B2  fan  subunits,  beginning  where  the  drainage 
pattern  becomes  distributary.  They  are  relatively  large  fans  with  low  relief,  but  they  form 
only  7  percent  of  the  study  area.  The  drainageways  in  these  fans  are  rarely  incised,  and 
the  drainage  pattern  is  strongly  distributary,  which  makes  identification  of  specific  channels 
almost  impossible.  The  B3  fans  arc  medium  in  overall  photo  tone,  but  white  and  dark 
grey  patches  are  common,  giving  them  a  mottled  appearance.  Texture  is  smooth  and  they 
are  finer  grained  than  Bl  and  B2  fan  units  (figure  22). 


Surface  soils  are  mostly  clay  loam  in  texture,  with  some  sandy  loam 
and  loamy  sand  soils.  Surficial  soils  contained  less  than  10  percent  gravel.  The  percent 
gravel  increases  below  the  surface  horizon  and  often  comprises  10  to  30  percent  of  the 
sample  at  depth.  Soil  depth  is  more  than  30  cm  and  often  is  greater  than  100  cm  to  a  petro- 
calcic  horizon  or  bedrock. 


FIGURE  22.  Lower  alluvial  fan  (133)  consisting  of  fine  sand,  silt,  and  clay  surficial 
materials  with  some  gravels  (Site  41).  The  plant  community  is  iarrea 
iridentatu  --  Mtililenhirgia  Portrri  (21). 
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Dark-loned,  lowest  elevation  fans  (B4).  These  are  the  youngest  fan 
units  in  the  study  area  and  are  probably  undergoing  development  at  the  present  time.  They 
are  located  basimvard  of  the  areas  of  continuous  rock  outcrop  like  the  B3  fans,  but  can 
extend  up  drainageways  for  a  short  distance.  'These  fans  are  line  grained  like  the  B3  fans, 
but  occupy  a  lower  topographic  position.  The  B4  fans  form  broad  aprons  that  trend  north- 
south  adjacent  to  the  basins.  Relief  is  not  usually  apparent  on  these  fans  and  drainageways 
are  very  shallow  and  ill-defined  (figure  23).  Some  of  the  drainageways  can  have  almost 
vertical  walls,  2  to  4  meters  in  height,  in  their  upper  reaches,  where  they  come  onto 
these  fan  units  (figure  24).  The  distributary  drainage  pattern  is  faintly  observable  on  the 
1 :50,000  scale  photography.  The  B4  fans  are  best  identified  by  their  dark  photo  tone, 
which  is  caused  by  dense  vegetation.  These  fans  comprise  approximately  4  percent  of  the 
study  area. 


Soils  of  B4  fan  subunits  reflect  the  transition  between  the  sand  dune 
soils  of  the  basin  areas  and  the  fine-textured  soils  derived  from  the  sedimentary  rock.  Sur- 
fi ci o.l  soils  are  clay,  gravelly  clay,  gravelly  clay  loam,  clay  loam,  silty  clay,  and  sandy  clay 
loam.  Soil  depth  is  30  to  60  cm  or  more  (figure  24).  Precipitated  carbonates  or  a  petro- 
calcic  horizon  may  occur  in  some  areas  at  a  depth  of  30  cm. 


FIGURE  23.  Low  alluvial  fan  (B4)  consisting  of  fine-grained  materials;  silts,  clay,  and 
fine  sands.  The  plant  community  is  Flouronxia  cornua  --  Sclcropn^nn 
hrcvifnlius  (41).  The  Otero  Mesa  escarpment  is  seen  in  the  background. 
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FIGURE 


24.  Vertical  section  (4M)  of  the  iJ4  alluvial  Ian  in  Pipeline  C  anyon  near  Site 
298.  The  upper  two  meters  of  the  profile  (a)  is  silts  and  clay  and  the 
lower  portion  (b)  is  loamy  gravel.  The  wash  surface  is  composed  of  cobble* 
and  gravel-size  particles. 
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Fans  covered  with  deep  aeolian  sand  (B5).  This  land  form  unit  may 
be  any  of  the  other  alluvial  fan  units  or  a  combination  of  fan  units  that  have  been  covered 
with  aeolian  sand.  The  sand  cover  is  of  indeterminate  depth,  but  it  is  sufficient  to  mask  the 
fan  characteristics  necessary'  to  identify  a  particular  fan  unit.  These  areas  are  identifiable 
as  alluvial  fans  because  of  their  fan  shape,  their  topographic  position,  and  their  moderate 
slope  (1  to  5  percent)  (figure  25).  They  are  light  in  photo  tone  because  of  their  sand 
cover  and  are  sometimes  speckled  owing  to  the  presence  of  shrub  vegetative  cover.  They 
can  be  differentiated  from  the  basin  land  form  units  by  breaks  in  slope  and  elongate,  slightly 
darker  toned  areas  at  their  bases.  Little  or  no  drainage  can  be  seen,  and  little  local  relief  is 
found  on  these  fan  subunits.  They  form  nearly  4  percent  of  the  study  area  and  are  more 
common  on  the  eastern  side  of  the  basin  areas,  particularly  on  the  western  slopes  of  the 
Jarilla  Mountains. 


The  B5  soils  are  sandy  clay  loam  and  loamy  sand.  For  the  most  part, 
these  soils  are  aeolian  and  are  independent  of  the  underlying  material  in  composition  and 
texture.  Soil  depth  ranged  from  30  to  45  cm  or  more.  The  presence  of  mesquite  shrubs 
on  small  dunes  (1  meter  tall)  indicate  that  the  alluvial  fans  have  been  sand  covered  for 
some  time. 


FIGURE  25.  Alluvial  fans  (B5)  covered  with  aeolian  sands  (Site  69).  The  shrubs  are 
Prosopis glanduiosa  (a)  and  XantliOicphaluni  Sarotlmie  (b). 
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High  elevation,  anomolous  fans  (B6).  The  B6  alluvial  fans  are  located 
on  the  Otero  Mesa,  near  the  boundary  between  the  mesa  and  the  Sacramento  Mountains. 
They  have  characterisitics  in  common  with  other  fan  units,  and  at  the  same  time,  are  unlike 
any  alluvial  fans  in  the  study  area.  The  B6  fans  occur  at  high  elevations  immediately  ad¬ 
jacent  to  rock  outcrops  like  the  B 1  and  B2  fans;  and  like  the  B2  fans,  they  are  secondary 
rather  than  primary  fans.  They  appear  fine  textured  in  the  aerial  photography,  and  have 
gentle  slopes  (less  than  1  percent)  like  the  B4  fans.  Inc'sed  and  distributary  drainageways 
occur  side  by  side  on  the  B6  fans,  rather  than  the  distributary  drainage  occurring  down¬ 
stream  from  moderately  incised  drainageways  that  is  the  situation  on  the  other  alluvial  fans. 
Little  headward  erosion  is  evident  in  association  with  the  incised  drainageways.  The  soil 
textures  in  this  fan  subunit  are  gravelly  loam  and  gravelly  clay  loam.  Soil  depth  is  more  than 
45  cm  either  to  bedrock  or  to  the  petrocalcic  horizon. 


The  Bb  fans  might  be  relatively  young,  slow-growing  alluvial  fans  re¬ 
sulting  from  differential  movement  along  the  east-west  fault(s)  separating  the  Sacramento 
Mountains  from  the  Otero  Mesa.  This  fault  could  be  a  hinge  tault,  along  which  movement 
occurs  only  as  a  result  of  rapid  movement  on  the  major  north-south  trending  faults  between 
the  Otero  Mesa  and  the  basin  areas.  The  Sacramento  Mountain/Otero  Mesa  boundary  fault 
could  also  be  independent  of  the  faults  between  the  Otero  Mesa  and  the  basin  areas,  tilting 
the  Otero  Mesa  to  the  south.  The  B6  fans  suggest  active  movement  along  the  Sacramento 
Mountains/Otero  Mesa  boundary  fault,  but  because  these  fans  appear  quite  young,  any  move¬ 
ment  on  this  fault  is  slow  in  comparison  to  that  along  the  Otero  Mesa/basin  boundary  faults. 
Regardless  of  the  tectonic  impetus  for  the  B6  fans,  they  are  unique  in  their  appearance  and 
occurrence  at  high  elevations  on  the  Otero  Mesa. 


Basin  Areas. 

Light-toned,  speckled  sand  dunes  (Cl).  This  landfornt  unit  occupies 
most  of  the  Hueco  Bolson  and  the  Tularosa  Basin  and  comprises  30  percent  of  the  study 
area.  Local  relief  is  very  low,  but  it  is  sufficient  to  identify  the  many  small  sand  dunes  that 
are  the  characteristic  feature  of  this  landform  subunit  (figures  26  and  27).  Cl  landforms 
are  light  in  photo  tone,  yet  have  an  overall  speckled  appearance.  The  tiny  dark  spots  are 
caused  by  the  shrub  vegetation  growing  on  the  dunes.  There  is  a  little  visible  drainage. 
The  landform  unit  extends  from  the  northern  to  the  southern  end  of  the  study  area  and  is 
bordered  by  alluvial  fans  coming  from  the  mountainous  areas  on  the  east  and  west. 
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Soils  in  the  Cl  landform  unit  are  sandy  loam,  loamy  sand,  sandy  clay- 
loam,  sandy  clay,  and  silty  clay  loam.  Gravel-sized  particles  are  usually  fragments  of  caliche 
formed  by  the  cementation  of  smaller  sized  soil  particles.  Gravels  comprise  less  than  3 
percent  of  the  soil  sample.  The  caliche  particles  observed  on  the  soil  surface  in  the  intenjunal 
areas  are  probably  lag  gravels,  but  some  may  have  been  brought  to  the  surface  by  burrowing 
animals  or  insects.  Figure  28  illustrates  a  profile  on  the  basin/dunal  area,  showing  the  various 
horizons  and  zones  where  carbonates  have  precipitated.  Soil  depth  to  the  petrocalcic  horizon 
ranged  from  45  to  75  cm,  or  more.  Shallow  soils  (less  than  15  cm)  were  found  in  the 
deflation  areas  where  sand  has  been  removed  almost  to  the  depth  of  the  petrocalcic  horizon, 
in  such  areas  as  sites  54  and  55  (figure  7). 

Most  soils  are  sandy  loam  or  loamy  sand  in  texture.  The  small  dunes  are 
comprised  mostly  of  sand  (75  percent  or  more)  and  less  than  20  percent  clay-size  particles. 
There  is  an  increase  in  the  percent  silt  plus  clay  fraction  in  the  deflation  areas  and  in  some 
of  the  larger  sand  dunes.  There  appeared  to  be  a  possible  relationship  between  the  height  of 
the  dunes  and  the  percent  “fines,”  but  verification  of  such  a  relationship  would  require 
further  investigation.  Few  soils  were  found  that  contained  more  than  20  percent  clay. 


Dark-toned,  rough-textured  sand  dunes  (C2).  Landform  C2,  comprising 
nearly  3  percent  of  the  study  area,  forms  a  northeast-trending  linear  pattern  adjacent  to 
alluvial  fans  on  the  east  side  of  the  basins,  particularly  between  the  fans  paralleling  the 
dissected  hills  on  the  east  and  the  Jarilla  Mountains  on  the  west,  and  at  several  locations  on 
the  western  side  of  the  study  area.  This  landform  subunit  is  composed  of  deep  sands  and 
sand  dunes  in  which  blowouts  were  often  formed  (figures  29  and  30).  In  comparison  with 
the  Cl  sand  dunes  viewed  on  the  aerial  photography,  the  dunes  of  landform  C2  are  darker 
in  overall  photo  tone,  rougher  in  texture,  and  do  not  have  the  overall  speckled  appearance 
of  Cl  dunes.  The  overall  darker  tone  of  the  C2  dunes  is  related  to  increased  grass  cover, 
and  the  rough  appearance  is  caused  by  the  small  blowouts  that  are  now  covered  by  grasses 
and  shrubs.  Some  drainageways  enter  the  C2  unit  from  the  surrounding  alluvial  fans,  but 
they  either  dissipate  rapidly  or  terminate  in  the  low  areas,  or  playas. 


Soils  in  C2  landform  units  are  loamy  sands  and  sandy  loams  without 
gravel-sized  particles.  The  percent  sand  in  these  soils  is  greater  than  75  percent.  Soil  depth 
is  greater  than  100  cm.  Soil  pits  dug  within  the  landform  subunit  did  not  show  evidence 
of  a  petrocalcic  horizon  or  carbonate  precipitation.  Pea-size  gravels  of  caliche  are  found  on 
the  surface;  although  they  are  probably  lag  gravels,  some  may  have  been  brought  to  the  sur¬ 
face  by  burrowing  animals  or  insects. 
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FIGURE  29.  Deep  sands  and  large  sand  dunes  near  Wilde  Tank  (Landform  C2)  (Site  30). 

Dunes  are  covered  by  Artemisia  filifulia,  Daiea  scop  aria,  and  Yucca 
elata. 


FIGURE  30.  Vertical  section  of  a  road  cut  in  the  dune  area  of  landform  C2.  Soils  are 
silt  and  fine  sand  with  caliche  particles.  The  gravels  in  the  foreground  are 
from  the  road  bed.  The  plant  community  is  Artemisia  filifclia  -  Sporobolus 
cryptandrus  (60). 


In  some  disturbed  areas,  soil  depth  was  sufficient  to  form  large  sand  blow¬ 
outs  (sites  28,  29,  244,  and  245,  figure  7).  The  blowouts  varied  in  size,  with  the  largest 
ones  being  5  to  1C  meters  in  diameter  and  2  to  3  meters  deep.  The  lighter  photo  tone 
associated  with  these  sites  is  indicative  of  sparse  vegetative  cover.  Darker  tones  were  in¬ 
dicative  of  less  disturbed  areas  with  greater  grass/shrub  ground  cover.  The  blowouts  in  the 
darker  toned,  more  densely  vegetated  areas  are  smail  in  size,  mostly  2  to  3  meters  in 
diameter  and  1  to  1.5  meters  deep. 


Low  smooth  areas  (C3).  Landform  unit  C3  is  composed  of  irregularly 
shaped,  low  lying,  smooth  areas  with  virtually  no  relief.  At  the  photo  scale  1:50,000,  no 
dunes  are  recognizable  and  drainage  cannot  be  discerned.  The  tone  is  slightly  darker  than 
in  the  Cl  or  C2  landform  subunits.  This  landform,  comprising  2.5  percent  of  the  study 
area,  occurs  primarily  as  an  east-west  trending  band  across  the  southern  part  of  the  Hueco 
Bolson.  A  secondary  occurrence  was  found  between  the  alluvial  fans  on  the  eastern  slopes 
of  the  Jarilla  Mountains  and  parallel  to  the  eastern  mountain  ranges.  No  soil  samples  were 
collected  in  landform  unit  C3  (figure  14). 


Small,  dark-toned  depressions  (C4).  This  landform  subunit  is  composed 
of  small,  dark-toned  lepressions  located  primarily  on  the  western  side  of  the  basin  areas, 
and  forms  nearly  2  percent  of  the  study  area  (figure  31).  Photo  tone  is  often  mottled, 
and  many  of  the  depressions  have  light-toned  rings  around  their  edges.  The  depression  shape 
was  variable,  ranging  from  round  to  channel-like  or  kidney-shaped  depressions.  Small  drainage 
channels  are  sometimes  visible  running  into  them,  and  several  of  the  depressions  contain 
playa  lakes. 


Soils  in  landform  unit  C4  are  sandy  loam,  loamy  sand,  sandy  clay  loam, 
and  clay.  Gravel-sized  particles  usually  composed  less  than  5  percent  of  the  samples:  how¬ 
ever,  some  samples  contained  8  percent  gravel.  Soil  depth  is  greater  than  60  cm  at  most 
sample  sites.  Precipitated  carbonates  were  identified  in  the  profile,  although  a  definite 
cemented  horizon  had  not  developed  in  the  60-cm  soil  profile. 
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FIGURE  31.  Small  playa  lake  in  the  Tularosa  Basin  (C4).  The  playa  is  the  large  dark 
toned  area  outlined  in  the  photo.  The  dark  tone  is  caused  by  an  increased 
grass  cover  resulting  from  the  favorable  moisture  conditions  in  the  depres¬ 
sion.  The  grasses  are  Hilaria  mutica,  Scleropogon  brevifolius,  and  Muhlen- 
bergia  spp. 


Washes.  Two  types  of  drainageways  occur  within  the  study  area;  (1)  washes 
or  V-,  U-,  or  box-shaped  gullys  that  are  easily  recognized  on  the  aerial  photography  by  their 
incisement  and  location  in  the  mountains/hills  and  upper  alluvial  fan  landforms,  and  (2) 
streamlets  in  the  distributary  drainage  pattern  areas  of  the  lower  alluvial  fans.  The  washes 
delineated  on  figures  12, 13,  and  14  are  of  the  first  type.  They  generally  extend  only 
to  the  boundary  between  the  uplands  and  the  heads  of  the  lower  alluvial  fans  (B3  and 
B4),  but  some  enter  the  fan  complex,  extending  into  them  for  a  short  distance.  Several 
washes  extend  through  the  fan  complex,  such  as  the  one  in  Pipeline  Canyon,  near  site  298 
(figure  7). 
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The  streamlets  in  the  distributary  parts  of  the  drainage  pattern  on  the  alluvial 
fans  are  very  difficult  to  identify,  both  on  the  aerial  photography  and  in  the  field  because 
of  their  small  size.  However,  streamlets  on  the  B4  fans  were  easily  identified  in  the  field 
because  they  are  covered  with  patches  of  dense  grass  that  alternate  with  bare  ground.  Once 
the  ground  pattern  was  associated  with  the  photo  pattern  alternating  patches  of  dark  photo 
tone  (grass)  and  light  photo  tone  (bare  ground),  the  photo  identification  was  much  easier. 
Although  washes  could  be  identified,  the  individual  streamlets  could  not  be.  These  drainlets 
are  generally  less  than  15  cm  deep  and  are  1  to  5  meters  wide. 


Streamlets  on  the  B3  fans  were  difficult  to  identify.  They  are  about  0.3 
meters  deep  and  1  mete:  wide.  In  the  field  they  can  sometimes  be  distinguished  from  the 
surrounding  fan  surfaces  because  they  have  a  more  extensive  cover  of  gravel.  Their  courses 
are  often  marked  by  mesquite  ( Prosopis  glandulosa )  shrubs  that  contrast  in  color  with 
the  creosote  ( Larrea  tridentata)  on  the  fan  surface.  However,  these  features  were  not  seen 
on  the  1 : 50,000  scale  aerial  photography. 


The  texture  of  the  surficial  material  in  the  washes  changed,  depending  upon 
the  portion  of  the  wash  considered.  In  the  upper  reaches,  the  surficial  materials  are  cobbles 
and  coarse  gravels  with  some  boulder-sized  material.  Figures  21  and  24  show  these  course- 
textured  materials.  Vegetation  in  the  upper  reaches  is  confined  to  the  borders  of  the  channel 
or  to  areas  of  higher  elevation  within  the  channel.  The  vegetation  cover  is  composed  pri¬ 
marily  of  shrub  species  with  some  grass  species.  In  some  upper  reaches,  the  drainageways 
were  filled  with  fine  sand,  silt,  and  clay-size  material.  The  fine-textured  soils  are  covered  with 
a  dense  cover  of  Sporobolus  giganteus.  Field  observations  showed  these  drainageways  were 
impassable  to  vehicle  traffic  because  of  the  gulch  type  erosion  that  had  dissected  the  surface 
material.  The  gulches  were  often  1  meter  deep  and  1  to  4  meters  wide. 


In  the  lower  and  middle  reaches  of  the  washes,  the  surficial  materials  consisted 
of  sand,  silt,  and  clay-size  particles,  with  little  or  no  gravel.  The  surficial  soils  are  clay,  clay 
loam,  silty  clay,  or  clay.  At  site  271,  the  4-meter  profile  exposed  in  the  drainageway  is 
fine  sandy  clay  loam  throughout,  yet  the  wash  bottom  is  covered  with  gravels  2.5  cm  or 
smaller  in  diameter.  Vegetation  in  these  parts  of  the  washes  is  primarily  grasses. 


The  general  relationships  between  land  form  and  soil  texture  and  soil  depth  are 
summarized  by  landform  subunit  in  table  4.  More  detailed  information  on  landform  and 
soil  relationships  is  presented  in  appendix  C. 
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TABLE  4.  Landform,  Soil  texture  and  Soil  Depth  Relationships. 


Landform 

Soil  Texture 

A1 

clay  loam  with  gravel 

exposed  bedrock 

A2 

colluvial  on  shale;  silty  loam, 
silty  clay,  gravelly  silty  clay 

residual  on  shale:  clay,  clay 
loam,  gravelly  clay,  gravelly 
clay  loam 

on  bedded  limestones:  gravelly 
loam 

exposed  bedrock 

A3 

residual:  loamy  gravel,  sand 

colluvial:  loamy  grave! 

B 1 

Gravelly  loam,  gravelly  clay  loam, 
gravelly  silt  loam,  clay,  gravelly 
clay,  gravelly  sand  loam,  sandy 
clay  loam,  gravelly  sandy  clay  loam 

B2 

NO  SOIL  SAMPLES,  but  similar  to 
B1  soil  conditions. 

B3 

clay  loam,  sandy  loam,  loamy  sand 

B4 

) 

clay,  gravelly  clay,  gravelly  clay 
loam,  clay  loam,  silty  clay,  sandy 
clay  loam 

Soil  Depth 


up  to  45  cm  where  the 
slope  <s  less  than  3%;  up 
to  30  cm  on  steeper  slopes 


usually  more  than  30  cm, 
but  sometimes  less  than 
15  cm 

less  than  30  cm 


usually  less  than  15  cm, 
but  up  to  30  to  45  cm  or 
more 


less  than  1 5  cm 
15  to  20  cm 


15  to  45  cm 


more  than  30  cm,  sometimes 
more  than  1 00  cm 


30  to  60  cm  or  more 
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TABLE  4.  (Continued) 


Landform 

B5 

B6 

Cl 

C2 

C3 

C4 

D 


Soil  Texture 


sandy  clay  loam,  loamy  sand 

gravelly  loam,  gravelly  clay  loam 

sandy  loam,  sandy  clay  loam, 
sandy  clay,  silty  clay  loam 


loamy  sand,  sandy  loam 


NO  SOIL  SAMPLES,  but  similar  to 
soil  conditions  of  Cl . 

sandy  loam,  loamy  sand,  sandy 
clay  loam,  clay 


Upper  reaches:  gravel,  cobbles, 
boulders 

Middle  and  lower  reaches:  clay, 
clay  loam,  silty  clay 


Soil  Depth 

30  to  45  cm  or  more 

more  than  45  cm 

more  than  75  cm  on  dunes, 
can  be  less  than  1 5  cm  in  in- 
terdunal  areas 

more  than  75  cm  and  some¬ 
times  more  than  100  cm 


more  than  60  cm 
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PLANT  COMMUNITES.  Sample  sites  were  located  in  the  different  land  cover  units 
that  differed  in  their  photo  tones  and  textures.  These  differences  were  assumed  to  depict 
discrete  plant  communities.  Phytosociological  data  describing  the  plant  communities  of  the 
land  cover  units  were  collected  in  294  sample  quadrants  (appendix  D).  Analysis  of  the 
clustered  phytosociological  data  using  the  “Phyto  69”  computer  program  identified  four 
major  land  cover  categories;  grassland,  shrubland,  forestland,  and  other  (table  5).  The 
first  three  major  categories  were  subdivided  into  22  plant  associations  by  the  physiognomic 
character  of  the  dominant  plant  species,  the  species  composition,  and  the  ground  cover 
class  of  each  plant  species.  The  terms  “plant  community”  and  “plant  associations”  are 
used  interchangeably  in  this  report.  The  fourth  land  cover  category,  Other,  and  its  three 
subunits  -  urban  and  built-up  areas,  water  bodies,  and  bare  ground  -  are  discussed  only 
in  general  terms  because  this  category  delineates  nonvegetated  areas. 


The  phytosociological  data  from  the  quadrants  for  each  plant  association  were  sum¬ 
marized  and  the  average  cover  class,  absolute  frequency,  and  the  relative  frequency  of  each 
species  in  the  plant  community  (land  cover  unit)  were  determined  (appendix  F).  The 
clustered  phytosociological  data  and  the  plant  association  summaries  formed  the  base  from 
which  the  dominant  and  the  associate  plant  species  characterizing  a  plant  community  were 
determined.  To  validate  these  plant  associations,  one  calculated  similarity  coefficients  be¬ 
tween  the  22  plant  communities.  The  similarity  coefficients  are  numerical  representations 
of  the  similarity  and  dissimilarity  in  the  species  composition  between  two  plant  communities. 
The  similarity  coefficients  were  determined  by  the  following  equation: 


SC  =  2W/(A  +  B) 


(7) 


where  W  equals  the  sum  of  the  smallest  relative  frequency  percentage  for  a  species  found 
in  both  community  A  and  community  B,  and  where  A  and  B  equal  the  sum  of  the 
relative  frequency  percentages  for  all  plant  species  found  in  community  A  and  community 
B,  respectively.  Large  similarity  coefficients,  those  approaching  1.0,  would  represent  two 
similar  communities,  and  small  coefficients,  those  approaching  0.0,  would  represent  two 
discrete  communities.  All  similarity  coefficients  for  the  grassland,  grass-shrubland,  shrub- 
grassland,  and  shrubland  communities  identified  in  this  study  are  shown  in  table  6.  The 
similarity  values  ranged  from  0.03  to  0.81. 
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TABLE  5.  Land  Cover  Mapping  Units  and  Their  Percentages  of  the  Study  Area. 


Physiognomic 

Group  Percent 

Percent 

Group 

of  Area 

Land  Cover  Unit 

of  Area 

Grassland 

37.4 

Grassland  (10) 

21.1 

Gnss-Larrea  tridentata  (11) 

0.7 

Gnss-Flourettsia  cernua  ( 1 2) 

1.3 

Grass-Acacia  const ricta  (13) 

<  0.1 

Grass  -Artemisia  filifolia  (14) 

0.7 

Grass -Prosopis  glandulosa  (15) 

2.2 

Gnss-Parthetiium  in ca mint  (16) 

1 1 .3 

Shrubland 

58.2 

Larrea  tridentata  (20) 

9.6 

Larrea  tridentata-Gxass  (21) 

4.6 

Larrea  tridentata-GnssrParthenium 

incanum  (22) 

0.6 

Larrea  tridentata-Prosopis  glan- 

du/osa-Gxass  (23) 

4.1 

Larrea  triden tata-Floun  ;:sia 

cernua-Gxass  (25) 

2.4 

Acacia  constricta- Grass  (30) 

1.2 

Acacia  constricta-Larrea  tridcn- 

tata-Grass  (31) 

0.8 

Flourensia  cernua-Grass  (40) 

<  0.1 

Flourensia  cernua-Larrea 

tridentata  (41) 

2.2 

Prosopis  glandulosa-A  triplex  cancs- 

cens-  Xanthocephalum  Sarothrae- 

Grass  (50) 

27.5 

Prosopis  glattduiosa-Larrea  tri- 

dentata-Citass  (51) 

0.9 

Prosopis  glandulosa-A  rt etnisia 

jilifolia-Gxass  (52) 

0.7 

Artemisia  filifolia- Grass  (60) 

2.8 

Artemisia  tilifolia-Prosppis 

gland ulosa-Grass  (6 1 ) 

0.7 

7! 


TABLE  5.  Continued 


Physiognomic 

Group  Percent 

Percent 

Group 

of  Area 

Land  Cover  Unit 

of  Area 

Forestland 

2.2 

Juniperus  monosperma- 

Quercus  und  ula  ta  (70) 

2.2 

Other 

2.3 

Bare  ground  (90) 

0.2 

Wate:  bodies  (91) 

0.1 

Urban  and  built-up  areas  (92) 

2.0 

Total 

rm 

100.1 

The  plant  communities  in  table  6  have  been  clustered  to  show  association  between 
these  communities.  These  data  and  the  clustered  phytosociological  data  (appendix  E) 
show  that  the  grassland  category  (10)  contained  several  grassland  communities  (10A, 
10B,  10C,  10D)  in  which  the  species  composition  was  sufficiently  different  so  that  se¬ 
paration  as  distinct  communities  was  warranted.  This  statistical  evaluation  of  the  floristic 
data  of  each  community  shows  that  the  clustered  vegetation  data  were  correctly  grouped 
into  discrete  plant  communities.  An  analysis  of  the  field-derived  vegetation  data  and  the 
photo  tones  and  textures  shows  that  most  plant  communities  were  correlated  with  specific 
photo  tones  and  textures.  It  should  be  pointed  out  that  establishing  these  relationships 
required  the  refinement  of  the  initial  vegetation  mapping  efforts  after  data  collection  and 
analysis  and  again  after  field  verification  of  the  vegetation  map.  The  results  of  this  effort 
showed  that  most  plant  communities  can  be  mapped  directly  from  the  aenal  photography, 
once  the  relationships  between  the  photo  tones  and  textures  and  the  plant  community  type 
have  been  established.  The  Acacia  constricta-Grass  (30),  Acacia  cnnstricta  -  Larrea 
tridentata  (31),  and  the  Larrea  tridentata  (20)  communities  had  photo  tones  and  textures 
that  were  too  similar  to  be  separated  on  the  aerial  photography.  Their  separation  and  map¬ 
ping  were  based  on  ground  truth  data  from  known  sites  and  their  association  with  specific 
land  form  conditions.  Similarly,  the  differentiation  between  the  grass  communities,  IOC 
and  10E,  and  the  grass  and  shrub  communities,  IOC,  12,  and  40,  on  the  lower  alluvial 
fan  (B3  and  B4)  and  the  Wash  (D)  landform  units  was  based  on  ground  truth  data  and 
land  form  conditions  because  no  distinct  photo  patterns  differentiating  them  were  found 
on  this  imagery. 
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TABLE  6.  Similarity  Coefficients  for  Grassland  and  Shrubland  Communities. 

Plant  Community  Number 

jnr  n  40  41  25  23  20  11  21 

15  60  61  10D  50  14  52  51  10C  12  w 


15  1.00 


60 

(50) 

1.00 

61 

© 

© 

1.00 

10D 

0 

© 

© 

1.00 

50 

.49 

.47 

© 

© 

14 

© 

© 

© 

0 

52 

.44 

w 

© 

(57) 

51 

.39 

.25 

© 

.42 

10C 

.17 

.15 

.10 

.17 

12 

.07 

.10 

.03 

.13 

40 

.25 

.20 

.18 

.32 

41 

.34 

.30 

.39 

.44 

25 

.24 

.23 

.23 

.30 

23 

.44 

.30 

.47 

.44 

20 

.26 

.23 

.37 

.37 

11 

.47 

.29 

.21 

.34 

21 

.15 

.19 

.24 

.28 

22 

.29 

.25 

.24 

.37 

16 

.27 

.24 

.20 

.29 

13 

.30 

.28 

.21 

.33 

30 

.25 

.26 

.22 

.32 

31 

.16 

.23 

.18 

.23 

10B 

.30 

.24 

.13 

.26 

10A 

.43 

.27 

.19 

.26 

10 

© 

.45 

.34 

© 

1.00 

@  1.00 

@  © 

0  0 

.17  .14 

.13  .10 

.32  .26 

.39  .36 

.31  .27 

(S&  .41 


.37  .31 

.30  .19 

.29  .25 

.33  .26 

.26  .15 

.32  .19 

.28  .17 

.27  .15 

.24  .13 

.28  .21 
.45  -35 


1.00 

1.00 

.12 

.21 

.10 

.23 

.27 

.32 

.47 

© 

.26 

.46 

.43 

© 

.41 

© 

.19 

.29 

.24 

.48 

.22 

.43 

.19 

.28 

.24 

.26 

.23 

.27 

.16 

.30 

.13 

.20 

.17 

.24 

.30 

.30 

1.00 

©  1-00 

©  @ 
.27  .48 


.39  (56) 

.29  .34 

.28  .30 

.35  .28 

.35  .36 

.29  .28 

.32  .19 

.35  .21 

.37  .25 

.38  .40 

.27  .17 

.35  .17 

.42  -26 


1.00 

0  1.00 

©  © 

.37  © 

.35  .49 

.36  .38 

.36  .42 

.29  .40 

.28  .33 

.28  .27 

.34  .29 

.39  .41 

.24  .25 

.32  .31 

.43  .40 


1.00 

0  1.00 
CW  (68) 


1.00 

.43  1.00 

(62)  CS% 
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The  spatial  distribution  of  the  25  land  cover  unit  types  within  the  study  area  is  shown 
in  figures  32,  33,  and  34.  Statistics  describing  the  areal  extent  of  each  land  cover  unit 
were  determined  using  the  line  intersection  sampling  method  in  which  6,033  points  were 
sampled  on  the  three  photo  mosaics.  The  areal  extent  of  each  land  cover  unit  is  presented 
in  table  4.  These  data  show  that  the  shrub  communities  were  the  major  physiognomic  group 
on  58  percent  of  the  study  area;  grasslands,  on  37  percent;  forestland,  on  2  percent; 
and  urban  and  built-up  areas,  on  2  percent.  The  two  shrub  species,  Prosopis  glandulosa 
and  Larrea  tridentata,  were  the  dominant  shrub  species.  The  communities  dominated  by 
these  two  shrub  species  covered  about  50  percent  of  the  study  area.  The  grassland  com¬ 
munities  occurred  over  37  percent  of  the  study  area  and  were  dominated  by  Bouteloua 
eriopuda,  B.  curtipendula,  B.  gracilis,  Sporobolus  cryptandrus,  and  S.  flexuosus.  The 
other  shrub  communities  in  the  study  area  were  dominated  by  Artemisia  filifolia,  4  percent; 
Flourensia  cernua,  2  percent;  or  Acacia  constricta,  2  percent. 


Plant  communities  covering  about  10  percent  or  more  of  the  study  area  were  Pro¬ 
sopis  glandulosa  -  Xanthocephalum  Sarothrae  -  Atriplex  canescens  -  Grass  (50),  27.5 
percent;  Grassland  (10),  21.1  percent;  Grass  -  Parthenium  incanum  (16),  11.3  percent; 
and  Larrea  tridentata  (20),  9.6  percent.  Nine  other  plant  communities  covering  from  1 
to  5  percent  of  the  study  area  were  Larrea  tridentata  -  Grass  (21),  4.6  percent;  Larrea 
tridentata  —  Prosopis  glandulosa  -  Grass  (23),  4.1  percent;  Artemisia  filifolia  -  Grass 
(60),  2.8  percent;  Larrea  tridentata  -  Flourensia  cernua  -  Grass  (25),  2.4  percent; 

Grass  -  Prosopis  glandulosa  (15),  2.2  percent;  Juniperus  monosperma  -  Quercus  tin- 
dulata  (70),  2.2  percent;  Flourensia  cernua  -  Larrea  tridentata  (41),  2.2  percent;  grass - 
Flourensia  cernua  -  Larrea  tridentata  (12),  1.3  percent;  and  Acacia  constricta  -  Grass 
(30),  1 .2  percent.  The  remaining  nine  plant  communities  each  occupied  less  than  1  percent 
of  the  study  area. 


The  22  plant  communities  identified  and  mapped  in  the  study  area  and  the  phyto- 
sociological  data  for  each  sample  site  are  summarized  by  plant  community  in  appendix 
F.  A  listing  of  the  plant  species  found  during  this  study  as  well  as  those  reported  by  Ken- 
matsu  and  Pigott36  as  occurring  on  the  Ft.  Bliss  reservation  and  environs  are  presented  in 
appendix  G. 


36R.D.  Kenmatsu  and  J.D.  Pigott,  A  Cultural  Resources  Inventory  and  Assessment  of  McGregor  Guided  Missile  Range, 
Otero  County,  New  Mexico.  Part  III.  Botanical  and  Geological  Studies.  Tcx.Aichelogicjl  Survey  Research  Report  No. 
65:111,  University  of  Texas,  Austin,  TX. 
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Grasslands.  Grasslands  were  widely  distributed  throughout  the  study  area, 
occurring  on  most  landform  units  and  comprising  about  37  percent  of  the  land  cover. 
The  major  grassland  communities  were  on  the  Otero  Mesa,  the  butte  near  Campbell  Tank, 
the  dissected  Mils  of  the  Hueco  Mountains,  and  along  the  Otero  Mesa  escarpment.  Sma’ler 
grasslands  were  found  on  the  lower  and  flatter  portions  of  tire  drainageways,on  some  allu¬ 
vial  fans,  and  in  the  Hueco  Bolson  and  the  Tularosa  Basin  (figures  32,  33,  and  34).  The 
grasslands  were  mapped  as  a  single  land  cover  unit,  although  different  grassland  communities 
were  found  on  different  soils  and  landform  conditions.  The  summary  data  presented  for  the 
grassland  mapping  unit  (10)  were  divided  into  five  grassland  communities  from  analysis 
of  the  phytosociological  data  (appendix  E).  The  five  discrete  grassland  communities  found 
in  the  study  area  are:  (A)  Boutelotta  eriopoda  -  Bouteloua  curtipendula.  (B)  Bout clo ua 
curtipendula  -  Bouteloua  unij'lora,  (C)  Scleropogon  brevifolius  -  Ililaria  mutica,  (D) 
Sporobolus  cryptandrus  -  Sporobolus  flexuosus,  and  (E)  Sporobolus  giganteus.  Each 
of  these  grassland  communities  was  not  mapped  because  of  the  limited  areal  extent  of 
each  community,  the  inability  to  differentiate  accurately  between  the  communities  on  the 
aerial  photography,  and  the  small  scale  of  the  aerial  photography.  Although  the  Bouteloua 
eriopoda  -  Bouteloua ■  curtipendula  community  could  have  been  differentiated  from  the 
Scleropogon  brevifolius  -  Ililaria  mutica  community  based  on  photo  tone  and  texture 
differences,  the  specific  community  identification  was  not  possible  from  the  photos  without 
the  ground  data  and  the  associations  developed  between  plant  communities,  specific  plv 
tones  and  textures,  sampling  sites,  and  landform  conditions. 


Shrub  species  frequently  occurred  as  scattered  individuals  in  the  grassland 
communities;  however,  the  shrub  component  in  these  communities  had  less  than  1  percent 
ground  cover.  When  specific  shrubs  occurred  with  ground  cover j  of  1  to  5  percent,  a 
separate  grass-shrub  community  was  identified.  The  identification  of  both  grass-shrub  and 
shrub-grass  communities  helped  to  avoid  phonological  disparities  between  the  grass-shrub  and 
;hrub-grass  community  types  because  of  the  seasonal  and/or  annual  climatic  differences  that 
might  have  affected  the  quantitative  phytosociological  data  and  change  the  physiognomic 
emphasis  for  naming  and  describing  a  particular  community. 


Grassland  (10).  The  grassland  community  (10)  has  a  rather  diverse 
complement  of  grass  and  shrub  species,  some  of  which  have  narrow  site  requirements.  The 
soil  textures  in  these  communities  were  sandy  loam,  sandy  clay  loam,  gravelly  loam,  gravelly 
s'*'  loam,  gravelly  clay  loam,  silty  clay,  and  clay.  Soil  depth  ranged  from  less  than  15  cm 
tr  greater  than  1  meter.  These  grass  communities,  identified  in  tire  field  and  from  the 
phytasouological  data,  are  discussed  by  specific  grass  community  to  describe  accurately 
their  associations  with  various  soil  and  landform  conditions. 
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A.  Boiiteloua  eriopodu  -  Boiiteloua  curtipeudula  (10A). 

This  plant  community  was  found  primarily  on  the  Otero  Mesa  and 
on  the  upper  aliuviai  fans  abutting  the  Oteio  Mesa  escarpment  where  soil  depths  were  greater 
than  30  cm  deep  (figures  34  and  35).  The  dominant  grass  species  in  this  community 
was  Boiiteloua  eriopodu.  with  />'.  lurtipcinlula  and  I!.  I’uieilis  as  subdominant  or  associate 
species  Other  grass  species  that  were  infrequently  present  and  had  ground  cover  values  of 
1  to  5  percent  were  Ihlaria  mutua,  Mithlenbergia  arenaiea,  M.  setijolia.  Spombolns 
eryptatulrus.  S.  flexitosits.  and  Tridens  mutieus.  In  some  dramageways  on  the  Otero  Mesa. 
B.  gracilus  and  B.  hirsuta  were  co-dominant  species,  and  II.  mutua  and  Bank  uni  obmsum 
weie  associate  species.  Occasionally.  //.  mutua  and  B.  obtusum  formed  small,  dense  single 
species  stands. 

Shrub  species  were  less  frequently  present  (absolute  frequency  of 
40  to  60  percent)  and  usually  had  ground  covers  less  than  1  percent.  The  associate  shrubs 
were  Bar  beds  trtjoholafu.  luirotia  lanuta,  Knunerni  glamhtlosa,  Lanai  tridcntata.  Bai- 
llienium  inatnum.  I ’iyuiera  stenoloba.  Xanthnccphalum  Sarotlinie.  and  Yuan  data 

Soil  depth  in  this  community  was  usually  greater  than  30  cm.  Soil 
textures  can  be  clay,  clay  loam,  or  sandy  clay  loam  with  less  than  20  percent  giavel  or 
gravelly  clay  loam. 


FIGURE  35.  Bc.utdoua  cnopoda  -  Boiiteloua  luriipembila  Grassland  (10A)  on  the 
Otero  Mesa  (Land form  Al).  Sites  285  and  28b.  The  scattered  shrubs  are 
Lanai  tridentata  (L),  Yucca  data  ( V),  Opiiniia  spp.  (0).  and  Xantiio- 
cephalum  Sumthrac 


B.  Bouteioua  cwtipendula  --  Bout eluiia  uni flora  <  1  OB ). 

The  dominant  plant  species  in  this  community  were  Bouteioua 
curt  ip  an!  iila  and  B.  unijlura.  Each  species  had  ground  cover  values  ranging  from  2o  to 
50  percent  (.figure  36).  B.  eriopoda  was  infrequently  an  associate  species  and.  when  present, 
had  ground  cover  ranging  from  1  to  6  percent.  Other  associate  grass  species  frequently 
present  were  Muhlenbergia  aiaiacca,  M.  sctijuhu.  and  Sporobolus  a  \  ptandrm.  Shrub 
species  were  common  in  this  community,  but  the  ground  co\er  values  foi  the  shrub  species 
were  less  than  5  percent  in  most  instances  Shrub  species  occurring  infrequently  were 
D\hsudhi  acerosa.  LphcJra  sp..  iouuiucna  splendent.  k ru menu  glandulosa,  Larrea  tnJaitata. 
and  Bart lienium  tncanum. 

This  community  was  found  primarily  along  the  Otero  Mesa  escarp¬ 
ment.  on  mselbergs.  the  dissected  lulls,  and  the  upper  alluvial  fans  where  the  soils  were 
shallow  (less  than  15  cm  in  depth)  to  limestone  bedrock  or  the  petrocaicic  hon/.on  Soils 
developing  on  unconsolidated  material  or  forming  on  limestone  parent  material  were  gravelly 
clay  loams  in  texture. 


FIGURE  36.  Bouteioua  curtipendula  -  Bouteioua  unijlora  Grassland  (10B)  at  Owl 
Tank  Draw  (A2).  Hie  trees  in  the  dramagewav  are  Jumperus  inonospermu, 
Quercus  undulata.  Rhus  niicrophylia,  and  Berheris  trifoliolata. 
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C.  Scleropogon  brevifolius  -  Hilaria  mutica  (IOC). 

Scleropogon  brevifolius  and  Hilaria  mutica  were  co-dominant  grass 

species,  occurring  frequently  together.  Both  species  frequently  formed  dense  single  species 
stands  (figure  37).  Although  the  percent  ground  cover  for  these  grasses  ranged  from  25 
to  100  percent,  the  ground  cover  usually  ranged  from  25  to  50  percent.  Panicum  obtusum 
was  an  infrequent  associate  grass  species,  with  a  ground  cover  ranging  from  6  to  35  percent, 
although  at  some  sites  the  ground  cover  ranged  from  50  to  75  percent.  Within  this  grass 
community,  P.  obtusum  occurred  on  the  more  moist  sites,  such  as  around  catch  basins, 
cattle  watering  tanks,  playas,  and  in  the  drainageways. 

Shrubs  were  usually  absent  from  this  community,  but  when  they  did 
occur,  they  accounted  for  up  to  1  percent  ground  cover.  The  shrub  species  observed  \  ere 
Acacia  constricta,  A  triplex  canescens,  Flourensia  cernua,  Koeberlinia  spinosa .  Larrea 
tridentata,  Opuntia  sdd..  Parthenium  incanum,  Prosopis  glandulosa,  Rhus  aromatica. 
Xanthocephalum  Sarothrae,  and  Yucca  elata. 

The  Scleropogon  brevifolius-Hilaria  mutica  community  occurred  on 
the  dissected  hills,  the  drainageways,  the  alluvial  fans,  the  washes,  and  the  depressions  in 
the  basin  areas  (figure  36).  This  community  was  confined  primarily  to  the  silty  clay  and 
clay  soils,  where  soil  depth  was  more  than  30  cm.  The  percent  gravel  in  these  soils  was 
usually  less  than  3  percent  except  for  soils  developed  on  the  dissected  hills,  which  could 
contain  13  to  19  percent  gravel.  The  community  also  occurred  on  some  clay  soils  developed 
on  the  interbedded  limestones  and  shales  that  form  the  inselbergs  and  escarpments  between 
the  Otero  Mesa  and  Route  54  (figures  3 1  and  33).  The  clay  soils  contained  1 0  to  15 
percent  gravel  (mostly  as  shale  fragments),  70  percent  clay,  and  15  percent  silt.  In  the 
basin  areas,  the  community  occurred  in  the  depression  areas  on  clay  and  clay  loam  soils  with 
little  or  no  gravel-size  particles. 
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FIGURE  37.  Scleropogon  brevifolius  -  Hilaria  mutica  Grassland  (IOC)  in  a  Playa 

(Landform  unit  C4).  Site  277. 


D.  Sporobolus  cryptandrus  -  Sporobuius  flexuosus  (10D). 

Sporobolus  cryptandrus  and  S.  Jlexuosus  were  the  dominant  plant 
species  in  this  community,  comprising  6  to  25  percent  ground  cover  (figure  38).  S, 
contractus  was  an  occasional  associate  species,  with  ground  cover  less  than  5  percent.  Other 
grass  species  rarely  found  in  this  community  were  Bouteloua  curtipendula.  B.  eriopoda, 
Chloris  virgata,  Setaria  macros tachya,  and  Tridens  muticus.  These  species  had  ground 
covers  ranging  from  6  to  25  percent. 

Several  shrub  species  with  ground  cover  less  than  1  percent  were 
infrequently  present  in  the  community.  The  associate  shrub  species  were  Artemisia  filP 
folia,  A  triplex  canescens,  Dalea  formosa.  Ephedra  sp.,  Prosopis  glandulosa,  Xanthoceph- 
alum  Sarothrae,  and  Yucca  elata. 


The  community  was  found  predominantly  in  the  Hueco  Bolson  and 
the  Tularosa  Basin  on  medium  to  very  fine  sandy  loams  and  on  sandy  clay  loams  that  were  50 
cm  or  more  in  depth.  Occasionally,  gravels  composed  of  cemented  sand  grains  were  present. 


FIGURE  38.  Sporobolus  cryptandrus  -  Sporobolus  flexttosus  Grassland  (IOD)  with 
Prosopis  glandulosa  (P)  and  Yucca  elata  (Y)  shrubs.  (Landform  unit 
Cl).  Site  274. 


E.  Sporobolus  giganteus  (10E). 

Sporobolus  giganteus  formed  a  dense  vegetative  cover,  with  50 
to  75  percent  ground  cover,  that  was  1.5  to  2  meters  tall  (figure  39).  Shrub  species 
were  occasionally  associated  with  S.  giganteus,  but  they  were  present  with  ground  covers 
less  than  1  percent.  The  associate  plant  species  were  the  grasses  Muhlenbergia  arenacca, 
S.  Wrightii,  Tridens  muticus,  and  the  shrub  species  Flourensia  cernua,  Larrea  tridentata. 
and  Prosopis  glandulosa  (site  179,  figure  33). 

In  the  lower  reaches  of  the  washes  that  originate  at  the  Otero  Mesa 
escarpment  between  Route  506  and  McGregor  Range  camp,  S.  giganteus  forms  a  very  dense, 
almost  homogenous,  plant  community  in  the  deep  (greater  than  1  meter)  clay  loam  soils. 
This  plant  community  was  distinctive  because  stream  flow  had  cut  many  small  drainageways 
through  the  community,  forming  a  rill-type  drainage  pattern.  The  size  of  the  rills  varied, 
ranging  from  0.15  to  1  5  meters  deep  and  from  2  to  3  meters  wide.  The  dissected 
nature  of  the  clay  loam  soils  in  the  drainageways  has  created  a  grass-hummockv  aspect 
visible  only  on  the  ground.  This  community  grades  rather  abruptly  into  the  Scleropogon 
brevifolius  -  Flourensia  cernua  community  at  lower  elevations,  along  a  line  that  almost 
parallels  the  small  escarpment  along  the  western  edge  of  the  dissected  limestone  formation 
below  the  Otero  Mesa  escarpment,  i.e.  at  Lee  Tank. 

Soils  in  the  S.  giganteus  grassland  were  primarily  clay  loam  in  tex¬ 
ture  with  essentially  no  gravel  and  were  greater  than  1  meter  in  depth. 
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FIGURE  39.  Sporabolus  giganteus  Grassland  (JOE)  in  the  midreach  of 

D).  Site  179. 


a  wash  (Land form 


Grass  -  Larrea  tridentata  (11).  This  grassland  community  was  com¬ 
prised  of  several  grass  species,  with  ground  covers  ranging  from  25  75  percent.  These 

were  Bouteloua  curtipendula,  '  eriopoda.  B.  gracilis.  Uilaria  mutica,  Muhlenbergia 
arenacca .  M  setifolia.  and  Scleropogon  brevifolius.  The  associate  grass  species  were  B. 
hirsuta,  M.  Ported.  Sporobolus  Wrightii.  and  Tridens  muticus.  which  had  ground  cover 
values  ranging  from  1  to  5  percent  (tigure  40). 


FIGURE  40.  Bouteloua  eriopoda  —  Bouteloua  gracilis  —  Larrea  tridentuta  Community 

(11)  near  Campbell  Tank.  Site  251 . 


Larrea  tridentata  was  the  common  associate  shrub,  having  ground 
cover  ranging  from  1  to  25  percent.  Other  shrub  species  infrequently  observed  with  ground 
covers  less  than  5  percent  were  Dalea  formosa,  Dyssodia  accrosa.  Opuntia  spp.,  Xantho- 
cephalum  Sarothrae,  and  Yucca  Torreyi 

Soil  textures  in  this  community  were  mostly  clay  loam  and  loams  with 
less  than  20  percent  gravel.  Soil  depth  more  than  40  cm  was  found  on  the  fiat-laying  lime¬ 
stones  of  the  Otero  Mesa  and  on  the  butte  at  Campbell  Tank.  Soils  of  shallow  depth  (less 
than  15  cm)  were  found  on  the  dissected  hills  and  the  upper  alluvial  fans.  The  Grass -Larrea 
tridentata  community  was  comprised  of  the  following  three  subcommunities: 

1.  Bouteloua  eriopoda  -  Larrea  tridentata.  This  community 
occurs  on  the  Otero  Mesa,  on  the  butte  at  Campbell  Tank,  and  on  the  dissected  hills 
(figure  40).  The  dominant  grass  species  was  Bouteloua  eriopoda,  with  ground  cover  ranging 
from  25  to  75  percent.  Other  grass  species  present  were  B.  curtipendula,  B.  gracilis,  and 
B.  Iiirsuta,  which  had  ground  covers  ranging  from  1  to  25  percent. 
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2.  Boutcloua  curtipenclula  -  Larrea  tridcntata.  This  subcom¬ 
munity  was  dominated  by  Bouteloua  curtipenclula.  with  ground  cover  ranging  from  6  to 
50  percent  and  with  Larrea  tridentata  as  an  associate  shrub  species.  This  community 
occurred  on  the  upper  alluvial  fans  coming  from  the  Otero  Mesa  escarpment  and  on  the 
dissected  hills.  Soils  were  clay  loams  with  gravels,  and  the  soil  depth  was  less  than  30  cm. 
Muhlenbergia  arenacea  -  Larrea  tridentata  was  also  found  on  similar  sites. 

3.  Hilaria  mutica  -  Scleropogon  brevifolius  -  Larrea  tridentata. 
This  subcornmunity  occurred  on  the  dissected  hills  composed  of  interbedded  limestones 
and  shales.  The  Hilaria  mutica  and  Scleropogon  brevifolius  grasses  were  predominantly 
on  the  gravelly  clay  soils  developed  on  shale,  and  Bouteloua  curtipendula,  B.  eriopoda. 
and  B.  gracilis  were  found  on  shallow  clay  loam  on  the  bedded  limestone  unit. 


Grass  -  Flourensia  cermta  (12).  Grass  species  present  in  this  community 
accounted  for  more  than  50  percent  of  the  ground  cover.  The  dominant  grass  species  were 
Hilaria  mutica  and  Scleropogon  brevifolius,  which  had  ground  cover  values  of  si  to  100 
percent.  Muhlenbetgia  Porteri  was  an  important  grass  species,  occurring  infrequently  as  the 
understory  beneath  the  shrub  canopy.  Grass  species  present  with  ground  covers  of  25  to  50 
percent  were  //.  mutica,  M.  Porteri,  and  S.  brevifolius,  with  M.  arenacea  present  with 
1  to  5  percent  ground  cover  (figure  41). 

Flourensia  cernua  was  the  major  shrub  species  with  ground  cover  oi 
6  to  25  percent  and  a  relative  frequency  of  100  percent.  Other  shrub  species.  A  triplex 
canescens,  Larrea  tridentata,  and  Opuntia  spp.,  were  less  frequently  observed,  with  ground 
covers  less  than  1  percent. 

This  community  occurred  in  the  drainageways  in  the  alluvial  fans,  in 
washes,  and  in  some  playas  in  the  Hueco  Bolson  and  the  "lularosa  Basin  (figure  41).  Soils 
were  clay  or  silty  clay  with  little  gravel  and  were  usually  greater  than  30  cm  deep.  Ob¬ 
servations  made  in  some  soil  pits  showed  a  caliche  pan  forming  at  the  30  to  60  cm  depth, 
but  this  layer  was  not  indurated. 
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FIGURE  41.  Scleropogon  brevifolius  (S)  -  Hilaria  mutica  -  Flourensia  cernua  (F) 
Community  (12),  with  scattered  Opuntia  spp.  (0)  in  a  wash.  (Landfonn 
unit  D).  Site  101. 


Grass  -  Acacia  constricta  (13).  The  dominant  grass  species  in  this 
community  were  Bouteloua  curtipendula  and  B.  eriopoda,  which  had  ground  covers  of 
6  to  50  percent.  Acacia  constricta  was  the  major  shrub  species,  occurring  in  all  quadrants 
and  having  a  ground  cover  of  1  to  5  percent.  Other  shrubs  less  frequently  present,  but  adding 
less  than  1  percent  to  the  ground  cover,  were  Dyssodia  acerosa.  Ephedra  sp.,  Larrea 
tridentata.  Opuntia  spp.,  Parthenium  incanum,  and  Xanthocephalum  Sarotltrae. 


This  community  occurred  primarily  on  the  dissected  hills  and  escarp¬ 
ments  along  the  buttes,  the  inselbergs,  and  the  cuestas  lying  between  the  Otero  Mesa  escarp¬ 
ment  and  Route  54  (figure  34).  Bedrock  in  these  areas  was  bedded  limestones  and  inter- 
bedded  limestones  and  shales. 


Soils  were  gravelly  clay  or  gravelly  clay  loam  with  1 5  to  30  percent 
gravel.  Soii  depth  was  very  shallow  to  bedrock  or  the  petrocalcic  horizon,  and  less  than 
30  cm  on  the  colluvium  or  soils  developed  on  the  shale. 
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Grass  -  Artemisia  iiiijoliu  (14).  Dominant  grass  species  •»  ibis  com¬ 
munity  were  Spurobuius  er\ puinJnts  and  S.  jiexuosus.  v.itb  ground  covers  ranging  from 
6  to  75  percent.  Although  5.  {unlive  tin  was  found  in  tins  community.  s«s  ground  cover 
was  generally  less  than  1  percent.  Taxonomicailv.  S.  i n pta  minis  and  5,  ':c\uosu\  are 
very  similar,  which  made  field  identification  difficult  when  they  were  not  flowering.  Bcsaiiv 
both  species  commonly  occurred  in  this  community,  the  coverage  ami  frequency  values  -.u'v 
grouped  for  convenience  under  S.  (ripiamlrus  in  the  phytosocioiogic.il  date  ‘appendix 
D  and  figure  42). 

Artemisia  Jilij'oiia  was  the  common  shrub  species  in  this  community . 
having  ground  cover  of  i  to  25  percent.  A  triplex  lanesums.  Prosopis  ftlaiidulusa.  X ant  ho- 
l ephaluin  Sarothrae  and  Yuua  data  were  frequently  present,  but  their  percent  ground 
covers  were  less  than  1  percent. 

This  community  occurred  almost  exclusively  on  deep  and  very  fine 
sands  in  the  Uueco  Bolson  and  Tularosa  Basin.  Soil  textures  were  sandy  ioam  or  loamy  sand, 
and  the  soil  depth  was  greater  than  60  cm. 


FIGURE  42.  Spnrobolus  cryptandnis  -  Sporobolus  Jiexuosus  -  Artemisia  tiiifolia 
Community  (14)  with  Yucca  data  (V).  and  Xanthoccphaium  Sarothrac 
(X).  (Landfonn  unit  C2).  Site  173. 
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Grass  -  Prosopis  glandulosa  (15).  This  community  was  comprised 
of  two  subcommunities  identified  from  the  dominant  grass.  Grass  cover  in  the  two  sub¬ 
communities  ranged  from  6  to  25  percent,  with  Prosopis glandulosa  as  the  major  associated 
shrub  species. 


1 .  Bouteloua  eriopoda  -  Prosopis  glandulosa. 

The  dominant  grasses  were  Bouteloua  eriopoda  and  B.  curtipendula, 
which  had  ground  covers  ranging  from  6  to  25  percent.  Associated  grass  species  with  ground 
covers  less  than  5  percent  were  B.  gracilis  and  Aristida  spp.  The  major  shrub  species  was 
Prosopis  glandulosa ,  which  had  ground  cover  ranging  from  1  to  5  percent.  Other  shrubs 
infrequently  present  were  Dalea  formosa.  Eurotia  lanata,  Xanthocephalum  Sarotlirae. 
and  Yucca  Torrevi.  These  shrubs  had  ground  covers  less  than  1  percent.  The  Bouteloua 
eripopoda  --  Prosopis  glandulosa  community  occurred  on  the  Otero  Mesa,  the  buttes,  and 
the  upper  alluvial  fans  where  soil  depth  was  10  to  40  cm.  Soil  texture  was  c'  y  loam  with 
less  than  20  percent  gravel. 

2.  Sporobolus  cryptandrus  -  Sporobolus  flexuosus  ~  .  >sopis 
glandulosa. 

This  variant  was  dominated  by  the  grasses  Sporobolus  cryptandrus 
and  S.  flexuous.  with  S.  contractus  occurring  as  an  associated  grass  species.  Prosopis 
glandulosa  was  the  major  shrub,  having  a  ground  cover  of  I  to  5  percent.  Other  shrubs 
less  frequently  observed  were  Artemisia  filifolia.  A  triplex  canescens,  Xanthocephalum 
Sarotlirae.  and  Yucca  elata.  This  community  was  found  in  dunal  and  flat-lying  areas  in  the 
Hueco  Bolson  and  the  Tularosa  Basin  on  the  fine  and  very  loamy  sands  and  sandy  loams. 
Soil  depth  was  30  to  80  cm  in  the  interdunal  areas  (figure  43). 


FIGURE  43.  Sporobolus  cryptandrus  -  Sporobolus  flexuosus  -  Prosopis  glandulosa  (?) 

Community  (15)  with  Yucca  data  (Y).  Ephedra  sp.  (E),  and  Xantho¬ 
cephalum  Sarotlirae  shrubs.  (Landform  Unit  Cl).  Site  157. 
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Grass  -  Parthenium  incanum  (16).  The  Grass  -  Parthenium  incanum 
community  occurred  on  the  dissected  hills  that  form  the  Hueeo  Mountains  and  on  the  lime¬ 
stone  outcrops  on  the  Otero  Mesa  escarpment  (figures  32  and  33).  P  incanum  was  the  major 
shrub  species,  having  a  ground  cover  from  6  to  25  percent.  Associated  shrubs  occurring  less 
frequently  were  Dyssodia  acerosa.  Ephedra  sp..  Larrea  tridentata.  Viguiera  stenolnba. 
and  Xanthotephalum  Samthrae,  each  having  a  ground  covei  ranging  from  1  to  5  percent. 


The  community  was  divisible  based  upon  the  dominant  grasses  with 
which  P.  incanum  occurred. 

1.  Bouteloua  curtipendula  -  Bouteloua  eriupoda  -  Parihenium 
incanum. 

This  plant  community  was  dominated  by  the  grasses  Bouteloua 
curtipendula  and  B.  eriopuda.  which  had  ground  covers  ranging  from  6  to  25  percent. 
Other  associated  grasses  were  Aristida  sp..  Muhlenbergia  seiifulia.  and  Tridens  martins. 
each  having  a  ground  cover  less  than  5  percent.  Soils  in  this  variant  were  shallow,  gravelly 
loam,  and  gravelly  silt  loam  over  highly  fractured  bedded  limestones  (figure  44). 

2.  Ililaria  mutica  —  Lycurus  phleuides  —  Parthenium  incanum. 

Hilaria  mutica  and  Lycurus  phleuides  occurred  with  Parthenium 

incanum,  with  Acacia  cunstricta  occasionally  present.  The  grasses  fonned  dense  ground 
covers  on  clay  soils,  yet  only  accounted  for  1  to  25  percent  of  the  ground  cover.  This 
community  occurred  on  the  interbedded  limestones  and  shales.  Soils  developed  on  the  lime¬ 
stone  were  very  shallow  gravelly  loams  or  were  not  present.  Clay  soils  that  were  15  to  30  cm 
in  depth  were  found  on  the  shale.  This  community  was  found  at  only  several  sites  in  the 
study  area.  Additional  field  work  is  necessary  to  describe  the  spatial  distribution  and  species 
composition  of  this  community. 


FIGURE  44.  Bouteloua  curtipendula  -  Bouteloua  uniflora  -  Parthenium  incanum  (!’) 

Community  (16)  with  Eouquieria  splendens.  Xolina  sp..  and  Xanthocep- 
halum  Sarothrae.  (Landform  unit  A2).  Site  291. 
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Shrublands.  This  was  the  major  physiognomic  group,  comprising  about  5<s 
percent  of  the  study  area.  The  shrublands  occurred  primarily  on  the  alluvia!  tans  west  of  the 
Otero  Mesa  escarpment;  on  the  fans  surrounding  the  Franklin.  Organ,  and  Jarilia  Mountains; 


and  in  the  ilueeo  Bolson  and  Tularosa  basin.  Shrub-dominated  areas  had  limited  distribution 
on  the  Otero  Mesa  and  near  the  mesa  escarpment.  The  major  shrub  species  were  A  aim; 
cunsiruta.  Artemisia  jilijnliu.  i'lonrensia  eernita.  Lurrea  tridentata.  Partheniani  iiuanum. 
and  Prosopis  giamiulosa.  Shrubs  were  found  on  most  soils  and  iandforni  units  in  the  snub, 
area:  however,  some  shrub  species  were  more  frequently  associated  with  specific  soii  and 
land  form  conditions.  Grasses  often  formed  the  understory  in  some  shrub  communities. 
Along  the  major  drainage  ways  and  on  the  flood  plain  terraces.  Oiilupsis  lweari<.  iallngta 
paradoxa,  and  Thelesperma  lungtpes  formed  dense  stands,  but  they  were  rarely  observed 
in  the  upland  areas. 


Larrea  tridentata  (20).  Larrea  trident  at  a  was  the  dominant  plant 
species  in  this  community,  comprising  6  to  25  percent  of  the  ground  cover.  Shrubs  infre¬ 
quently  present  with  ground  covers  of  1  to  5  percent  were  Da  lea  J'ormosa  and  Xaniho- 
cephalum  Sarothrae.  The  shrubs  present  with  ground  covers  less  than  1  percent  were 
Opuntia  spp.  and  Prnsopis  giamiulosa.  Grasses  were  infrequently  present,  and  their  ground 
covers  were  less  than  1  percent.  Aristida  sp.  and  Tridens  muticits.  both  of  which  were  of 
short  stature,  were  the  rarely  present  grass  species  (figure  45). 


FIGURE  45.  Larrea  tridentata  Community  (20)  on  upper  alluvial  fans  (B I ).  Site  2  i  2. 

The  Jarilia  Mountains  (Landfonn  A3)  are  on  the  hori/.on. 
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This  community  was  found  primarily  on  the  alluvial  fans  and  on  some 
areas  in  the  western  and  southern  portion  of  the  basins  (figure  32).  Soils  on  the  alluvial  fans 
were  gravelly  sandy  clay  loams  and  gravelly  clay  loams,  and  they  were  1 5  to  30  cm  deep  to 
the  petrocalcic  horizon  or  bedrock.  In  the  basin  areas,  the  soil  textures  were  sandy  loam  and 
sandy  clay  loam,  and  they  were  more  than  30  cm  deep.  This  shrub  community  was  found 
on  a  wid,e  range  of  soil  textural  conditions;  on  sandy  loam  soils  in  the  south  and  western 
side  of  the  study  area  near  Chapparell,  Texas,  and  Newman,  New  Mexico,  sites  62  and  63 
(figure  32);  on  gravelly  clay  loam  soils  on  the  lower  alluvial  fans,  sites  2  and  72  (figure  32); 
and  on  shallow  gravelly  clay  loam  soils  on  the  upper  alluvial  fans.  The  community  was  most 
often  observed  on  the  upper  alluvial  fans,  B1  and  B2,  and  on  the  intermediate  alluvial 
fans,  B3,  which  were  covered  with  gravel  particles  that  ranged  from  2.5  to  5.0  cm  in 
diameter. 


Larrea  tridentata  -  Grass  (21).  Larrea  tridentata  was  the  dominant 
shrub  species  in  this  community,  having  a  ground  cover  ranging  from  6  to  25  percent.  Other 
shrubs  infrequently  present  with  ground  covers  less  than  5  percent  were  Opuntia  spp., 
Parthenium  incanum,  and  Xanthocepahlum  Sarothrae.  Grasses  were  present  with  ground 
covers  ranging  from  1  to  25  percent.  This  community  may  be  subdivided  by  the  associated 
grass  species. 

1 .  Larrea  tridentata  -  Sporobolus  W  right  ii. 

This  community  occurred  on  the  upper  alluvial  fans  (Bl,  B2)  on 
sandy  clay  loam  and  clay  loam  soils  containing  less  than  20  percent  gravels.  Soil  depth  was 
variable,  ranging  from  30  to  90  cm.  Tridens  muticus  infrequently  occurred  as  an  associate 
grass  species  where  the  soils  were  shallow  and  contained  more  gravel. 

2.  Larrea  tridentata  -  Muhlenbergia  Purteri. 

This  community  occurred  in  the  lower  alluvial  fan  units  and  in  the 
washes.  Soils  were  30  to  60  cm  in  depth  and  were  gravelly  clay  loam  in  texture.  The  grass 
species  occurring  in  this  community  were  Hilaria  mutica,  Muhlenbergia  Porteri,  and 
Scleropogon  brevifolius.  M.  Porteri  often  formed  dense  clumps  beneath  individual  Larrea 
tridentata  shrubs. 
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Larrea  tridentata  -  Parthenium  incanum  ~  Grass  (22).  This  plant 
community  is  similar  to  the  Larrea  tridentata  -  Grass  community  (20),  except  for  the 
presence  of  the  shorter,  hemispherical  shrub,  Parthenium  incanum,  as  a  co-dominant  or 
associate  shrub  species.  The  ground  cover  for  L.  tridentata  varied  from  6  to  25  percent 
and  for  P.  incanum,  from  1  to  25  percent.  The  shorter  Xanthocephalum  Sarothrae  shrubs 
were  frequently  present  with  ground  cover  of  1  to  25  percent.  Other  associated  shrub 
species  infrequently  present,  witli  ground  covers  less  than  1  percent,  were  Acacia  const ricta, 
Flourensia  cernua,  Prosopis  glandulosa,  Rhus  microphylla,  and  Yucca  data  (figure  46). 

The  grasses  present  in  this  community  were  Bouteloua  curtipenduia. 
B.  eriopoda.  Muhlenbergia  Porteri.  Sporobolus  cryptandrus,  S.  Wrightii.  Trichachne  call- 
fornica,  and  Tridens  muticus.  These  grass  species  had  ground  covers  ranging  from  1  to 
25  percent. 

This  community  was  found  primarily  on  the  dissected  hills  (A2) 
and  on  the  higher  and  midlevel  alluviai  fans  (B 1  and  B3).  Soil  textures  were  gravelly  clay 
loam  or  gravelly  sandy  clay  loam,  and  the  soil  depth  was  about  30  cm. 
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FIGURE  46.  Larrea  tridentata  (L)  -  Parthenium  incanum  (P)  -  Grass  Community  (22) 
with  Xanthocephalum  Sarothrae  on  the  alluvial  fan  (Bl).  Sites  196  and  197. 


Lam'd  iridcntaia  -  Piosopis  gland  ulosa  (2.').  This  community  was 
comprised  of  the  co-dominant  species  Larrea  tridentata  and  Pmsopis  gland  ulosa.  which 
had  ground  covers  ranging  from  b  to25  percent.  Other  shrubs  infrequent!)  present  in  the 
community  were  I'lourensia  ccrnita.  Writ  lux  ephaliun  Samthrae.  and  Yana  <  Lua.  with 
ground  covers  less  than  5  percent.  The  ground  cover  of  .V.  Samilirae  often  equaled  that 
of  L.  tridentata  and  P.  gland  ulosa.  but  the  taller  L.  tridentata  and  P  glandulosa  simibs 
dominated  the  community. 

Glass  species  were  infrequently  present,  but  weie  conspicuously  absent 
at  those  sites  where  X.  Samthrae  was  most  prevalent.  Muldcnbcigia  Porten.  Spomhoitts 
eryptandrtis.  S  Jlcxuosus.  and  Trnlens  minims  were  the  most  common  grass  species. 

This  community  was  encountered  primarily  on  the  middle  and  lower 
alluvial  fans.  Be  and  B4.  and  the  sand-covered  fan  unit.  B5.  on  the  eastern  and  western 
sides  of  the  study  area  between  the  Larrea  tridentata  communities  (20  and  21)  on  the 
alluvial  fans  and  the  Pm  so  pis  glandulosa  -  Xantlux  ephahun  Sam  l  luac  -  .  1  triplex  <  aneu  cm  - 
Grass  community  (50)  of  the  basin  areas  (figure  47). 


FIGURE  47.  Larrea  trulcntaia  (1.)  -  Pmsopis  glandulosa  -  Muhlenhergia  Pnrteri  (Ml 
Community  ( 25)  on  the  lower  alluvia!  fans  ( Be).  Sites  4  I  and  42. 


The  associated  grass  species  were  indicative  of  the  differences  in  landform 
and  soil  conditions.  The  grass  species  on  the  upper  and  middle  elevation  alluvial  fans  were 
M.  Porteri,  which  formed  a  dense  growth  beneath  the  shrub  canopies,  and  T.  muticiis. 
P.  glandulosa  was  found  in  or  immediately  adjacent  to  the  threadsof  the  small  drainage- 
ways  on  these  fan  units,  and  L.  tridentata  was  found  on  both  the  interfluvial  and  Hu  vial 
areas.  Soils  were  gravelly  sandy  clay  loam,  sandy  clay  loam,  and  clay  loams  with  soil  Cvpth 
greater  than  15  cm. 

The  community  was  also  encountered  in  the  basin  areas  on  sandy  clay 
loam  and  sandy  loam  soils  that  were  greater  than  45  cm  deep.  In  these  areas,  the  major 
grasses  were  S.  cryptandrus  and  S.  jlexuosus,  which  reflected  the  sandy  nature  of  these 
soils. 


Larrea  tridentata  -  Flouremia  cernua  -  Grass  (25).  l.arrea  tridentata 
and  Flottrensia  cernua,  the  dominant  shrub  species  in  this  community,  had  ground  covers 
ranging  from  6  to  25  percent.  F.  cernua  was  often  a  subdominant  shrub  species  at  some 
sites  with  ground  cover  of  1  to  5  percent.  Other  shrub  species  infrequently  present  with 
ground  cover  values  less  than  5  percent  were  Partheniutn  incanuin,  Prosopis  glandulosa. 
and  Xanthacephalum  Sarothrac  (figure  48). 


FIGURE  48.  Larrea  tridentata  -  Flottrensia  cernua  -  Grass  community  (25)  on  the 
drainageways  and  the  lowest  slopes  of  Landform  B4  (Foreground).  On 
the  hillsides,  a  Larrea  tridentata  -  Partheniutn  incamun  community 
(22)  is  present. 
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The  grass  cover  was  variable,  ranging  from  6  to  50  percent,  occurring 
frequently  only  as  an  understory  beneath  L.  tridentata  and  F.  cernua  shrubs.  The  grass 
species  found  were  Bouteloua  curtipendula ,  Hilaria  mutica,  Muhlenbergia  arenacea.  M. 
Porteri.  Scleropogon  brevifolius,  and  Tridens  muticus.  Grass  species  on  the  clay  and  clay 
loam  soiis,  15  to  30  cm  deep,  on  the  lower  fans  and  washes  were  H.  mutica.  M.  Porteri. 
and  S.  brevifolius.  B.  curtipendula  and  T.  muticus  were  present  on  the  shallower  gravelly 
sandy  loam  and  gravelly  sandy  clay  loam  soils. 

The  community  occurred  primarily  on  the  lower  alluvial  fans.  B3  and  B4, 
and  in  the  washes.  It  was  found  on  upper  alluvial  fans,  but  only  with  limited  distribution. 
The  community  may  be  a  transition  between  the  Larrea  tridentata  communities  (20  and  21) 
that  occurred  on  areas  of  slightly  higher  relief  on  the  lower  alluvial  fans  and  the  Flourensia 
cernua  -  Grass  community  (30)  found  on  heavier  textured  soils  in  the  washes  and  drainage- 
ways  of  the  lower  alluvial  fan  units. 


Acacia  constricta  -  Grass  (30).  Acacia  constrictc  was  the  dominant 
shrub  in  this  community,  with  ground  cover  ranging  from  6  to  25  percent.  Actual  vegetative 
cover  was  less  than  this  value  because  of  the  very  porous  shrub  canopy  and  the  small  leaf 
size  of  the  shrub.  Even  so,  the  physiognomic  aspect  of  this  community  was  provided  by  the 
1.0-  to  1 .5-meter  tall  A.  constricta  shrubs.  Parthenium  incanum  was  a  subdominant  shrub 
species,  frequently  present  with  ground  cover  of  1  to  5  percent.  Dalea  Formosa.  Ephedra 
sp.,  and  Xanthocephalum  Saruthrae  occurred  less  frequently  and  had  ground  cover  values 
less  than  5  percent.  Other  shrubs  infrequently  observed,  having  ground  covers  less  than 
1  percent,  were  Bcrberis  trifoliolata,  Dyssodia  acerosa.  Flourensia  cernua.  Larrea  tridentata. 
Opuntia  spp.,  and  Yucca  data  (figure  49). 

Grass  species  present  were  Bouteloua  curtipendula.  B.  eriopoda.  B. 
uniflora.  Hilaria  mutica.  and  Scleropogon  brevifolius  with  ground  covers  ranging  from 
1  to  25  percent.  The  grass  species  composition  and  ground  cover  values  varied  between  the 
sample  sites  with  regard  to  soil/geologic  conditions.  B.  curtipendula  and  Sporobolus  Wrighti: 
were  frequently  found  on  the  bedded  limestones  of  Landform  A2.  Areas  comprised  of 
interbedded  limestones  and  shales,  also  in  Landform  A 2,  had  H.  mutica  and  Scleropogon 
brevifolius  on  the  clay  soils,  and  B.  curtipendula,  B.  eriopoda.  and  B.  hirsuta  were  on 
the  shallow  gravelly  clay  loam  soils  on  the  limestones. 

Soils  were  primarily  gravelly  sandy  clay  loam,  gravelly  clay  loam,  gravelly 
clay,  and  clay,  and  they  varied  between  15  and  45  cm  in  depth.  This  community  was 
found  on  the  dissected  hills  landform  unit  (A2),  primarily  on  the  eastern  side  of  the  study 
area  (figures  33  and  34). 
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FIGURE  49.  Acacia  constricta  -  Grass  community  (30)  with  Parthenium  incanum 
on  Landform  unit  A2.  Site  164  (Foreground).  Scleropogon  brevifolius  - 
Hilaria  mutica  Grassland  (12)  in  the  outlined  area  (wash). 


Acacia  constricta  -  Larrea  tridentata  (31).  Acacia  constricta,  the 
dominant  shrub  species,  had  ground  cover  ranging  from  6  to  25  percent.  Larrea  tridentata, 
the  major  associate  shrub  species,  had  a  ground  cover  ranging  from  1  to  25  percent 
(figure  50).  Other  shrub  species  observed  less  frequently  were  Dyssodia  acerosa,  Ephedra 
sp.,  Flourensia  cernita,  Opuntia  spp.,  Parthenium  incanum,  and  Xanthocephalum  Sarothrae, 
each  of  which  had  ground  cover  values  less  than  5  percent. 

The  grass  species  present  were  Bouteloua  curtipendula,  B.  eriopoda, 
Sporobolus  cryptandrus,  S.  Wrightii.  and  Tridens  muticus  on  the  shallow  soils  and  frac¬ 
tured  limestones  (landform  A2).  Hilaria  mutica  and  Scleropogon  brevifolius  were  found 
on  the  clay  soils  developed  on  the  shale  layers  of  the  interbedded  limestone  and  shale  series 
(landform  A2). 

Soil  textures  were  gravelly  clay,  gravelly  clay  loam,  or  clay  with  gravels. 
Soils  were  often  shallow  to  bedrock,  and  fractured  limestones  were  often  exposed  on  the 
surface. 
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FIGURE  50.  Acacia  constricta  (A)  -  Larrea  tridetitata  (L)  community  (31)  with 
Yucca  baccata  (Y)  on  the  upper  alluvial  fan  (Bl).  Site  5.  Hueco  Mountains 
can  be  seen  in  the  background  (Land form  unit  A2). 


The  distribution  of  this  community  was  on  the  inselbergs  and  dissected 
hills  (landform  A2)  and  on  some  upper  alluvial  fans  (site  4)  on  the  eastern  side  of  the  study 
area  (figures  33  and  34).  The  species  composition,  with  the  exception  of  L.  tridcmata 
shrubs,  was  very  similar  to  the  Acacia  constricta  —  Grass  community  (30).  Additional 
study  is  needed  to  evaluate  further  the  importance  of  L.  tridentata  as  an  adventive  in  the 
Acacia  constricta  -  Grass  community. 


Flourensia  cernua  -  Grass  (40).  Flourensia  cernua  was  the  dominant 
shrub  species,  having  ground  cover  ranging  from  6  to  25  percent.  Shrubs  less  frequently 
observed  were  Alriplex  canescens  (1  to  5  percent),  Opuntia  spp.  (less  than  1  percent), 
and  Prosopis  glandulosa  (less  than  1  percent). 

Two  grass  species,  Scleropogon  brevifolius  and  Hilaria  mutica,  were 
the  major  associate  species,  with  ground  covers  ranging  from  6  to  25  percent  (figure  51). 
Soils  were  primarily  silty  clay,  clay  loam,  or  clay,  with  some  gravelly  loam.  Soil  depth  was 
more  than  30  cm. 


FIGURE  51.  Flourensia  ccrnua  (F)  -  Scleropogon  brevifolius  (S)  -  Hilaria  mutica  (H) 
community  (40)  with  Rhus  microphylla  (R)  on  the  wash.  Land  form 
unit  D  Sites  95  and  96. 


This  community  was  commonly  found  on  the  lower  alluvial  fans  and  in 
the  washes  on  both  sides  of  the  basin.  It  was  occasionally  found  on  the  Otero  Mesa  and  in 
the  drainageways  where  surfzcial  water  could  readily  collect  or  be  channeled,  such  as  those 
leading  to  and  surrounding  the  cattle  watering  tanks.  In  undisturbed  areas,  the  grasses  formed 
a  dense  cover  that  imparted  a  dark,  almost  black,  smooth  photo  tone  on  the  aerial  photo¬ 
graphs  (site  1 6,  figure  7). 


Flourensia  cernua  —  Larrea  tridentata  -  Grass  (41).  Flourensia  ccrnua 
and  Larrea  tridentata  were  the  co-dominant  shrub  species  providing  the  physiognomic 
aspect  to  this  community.  Their  ground  covers  were  variable,  but  most  ranged  from  6  to  25 
percent,  witn  higher  ground  cover  values  from  26  to  50  percent  observed  at  some  sites.  Other 
shrub  species  infrequently  present  (20  to  40  percent  absolute  frequency)  were  Artemisia 
fill folia,  A  triplex  canescens.  Ephedra  sp.,  Prosopis  glandulosa.  Xanthocephalum  Saroihrae, 
and  Yucca  elata,  each  of  which  had  ground  cover  values  less  than  5  percent.  Within  this 
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community,  L.  tridentata  appeared  to  favor  slight  increases  in  elevation,  which  may  corres¬ 
pond  to  older  alluvial  surfaces.  /•'.  cerium  and  the  grasses  favored  lower  areas  where  surficial 
water  was  most  likely  to  flow  or  collect. 

Grasses  were  common,  usually  as  the  understorv .  and  had  ground  cover 
values  ranging  from  6  to  “5  percent.  The  frequently  observed  grass  species  were  !hluna 
wutica.  Miililenbergia  arcnaccu.  and  M.  I'oricri.  although  species  composition  varied 
between  sites. 

The  soils  were  clay,  clay  loam,  or  sandy  clay  in  the  surface  horizons  with 
increased  gravel  content  in  the  lower  profile.  Soil  depth  was  30  to  00  cm.  but  a  petrocalcic 
horizon  was  occasionally  encountered  within  30  cm  of  the  surface. 

This  community,  shown  in  figure  53.  was  found  on  the  lower  elevation 
alluvial  fans  and  in  the  washes  (154  and  D).  primarily  on  the  eastern  side  of  the  study  area 
(figures  33  and  34).  The  community  occurred  on  small  areas  on  the  Otero  Mesa  and  in  the 
swale  at  the  foot  of  the  alluvial  fans  on  the  eastern  side  of  the  Franklin  and  Organ  Mountains 
(figure  33). 


RGURt  52.  Ikat/vusiii  lamia  -  Lanai  iridciiiaia  community  «41i  with  /Vmo/io 
gland ulnsa  on  the  lower  alluvial  fans  ( 154).  Sites  loO  and  I  o3.  I  he  grasses 
are  llilaria  nnilica  and  Sclcmpogni;  hivrtjoliiis 


Prosopis  glandulosa  -  Xanthocephalum  Sami  lime  -  A  triplex  canescens  - 

Grass  (50).  This  community  was  rather  homogeneous  in  its  species 
composition,  consisting  of  very  few  shrub  species  and  grasses  (figure  53).  Prosopis  glatulu- 
losa  was  the  dominant  shrub  species,  with  ground  cover  ranging  from  6  to  25  percent.  The 
associate,  less  frequently  observed  shrub  species  (40  to  60  percent  absolute  frequency), 
were  A  triplex  canescens.  Ephedra  sp..  Xaiuhocephaluni  Sarothrae.  and  Yucca  data,  each 
with  ground  covers  less  than  5  percent. 

Grasses  were  frequently  present,  although  the  percent  ground  cover  was 
highly  variable,  ranging  from  negligible  values  at  half  of  the  sample  quadrants  to  25  percent 
at  the  other  sites.  Grass  species  present  were  Muhlenbergia  setifolia.  Sporobohts  cryptandrus. 
S.  Jlexuosus.  and  S.  contractus.  In  the  small  shallow  depressions  and  in  the  playas  of  the 
Hueco  Bolson  and  the  Tularesa  Basin,  Aristida  sp..  llilaria  mutica.  M.  Porteri.  and  Panicum 
obtusion  formed  stands  with  ground  covers  greater  than  50  percent.  P.  glandulosa  formed 
the  shrub  overstory.  Annual  herbaceous  species  were  found  seasonally,  often  with  substantial 
ground  covers. 

The  soil  texture  of  the  0  to  15  cm  soil  horizon  was  loamy  sand,  sandy 
loam,  or  sandy  clay  loam.  Soil  depth  was  more  than  30  cm.  although  soils  less  than  15  cm 
were  found  locally  in  the  deflation  areas  between  the  coppice  dunes  (site  52). 


FIGURE  53.  Prosopis  glandulosa  (P)  -  Xanthocephalum  Sarothrae  (X)  -  A  triplex 
canescens  (A)  -  Sporobohts  spp.  community  (50)  on  the  Coppice  Dunes 
(Cl)  in  the  Tularosa  Basin.  Site  66. 
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This  community  was  found  primarily  in  the  Hueco  Bolson  and  the  Tula- 
rosa  Basin  and  on  those  alluvial  fans  covered  with  aeolian  sand  (B5).  The  two  landform  units 
were  similar  in  that  numerous  coppice  dunes  had  formed  around  the  P.  glandulosa  shrubs. 
Because  P.  glandulosa  can  develop  adventitious  roots  from  buried  stems,  the  species  has 
an  advantage  over  other  shrubs  that  lack  this  ability  when  both  become  buried  by  aeolian 
sand.  The  deflation  and  deposition  of  aeolian  sand  around  shrubs  within  this  community 
and  the  rate  of  shrub  growth  are  related  causative  factors  resulting  in  the  paucity  of  associate 
shrub  species  in  this  community. 

This  community  rarely  occurred  on  alluvial  fans  not  covered  by  sub¬ 
stantial  amounts  of  aeolian  sand.  Field  observations  and  laboratory  photo  analysis  showed 
that  P.  glandulosa  was  often  an  associate  shrub  in  other  communities,  such  as  in  plant 
communities  23  and  41. 


Prosopis  glandulosa  -  Larrea  tridentata  (51).  Prosopis  glandulosa  was 
the  dominant  shrub,  having  percent  ground  cover  from  6  to  25  percent  and  occasionally 
26  to  50  percent.  Larrea  tridentata  and  Xanthocephalum  Sarothrac  were  associate  shrubs 
with  ground  covers  ranging  from  1  to  5  percent.  Other  shrubs  infrequently  present  were 
Parthenium  incanum  and  Yucca  data,  with  ground  covers  ranging  from  1  to  5  percent. 
Grass  species  were  present,  with  ground  covers  less  than  5  percent,  although  occasionally 
values  ranged  from  6  to  25  percent. 

This  community  was  present  on  both  sides  of  the  basin  where  the  lower 
alluvial  fans  and  the  washes  abutt  the  coppice  dune  areas  (figure  33).  The  distribution  of 
the  community  indicates  this  is  probably  a  transition  community  between  the  Prosopis 
glandulosa  communities  in  the  basin  areas  and  the  Larrea  tridentata  communities  on  the 
lower  alluvial  fans.  This  is  indicated  by  both  the  landform  units  upon  which  the  community 
is  located  and  the  soil  texture  data  available  for  the  community. 

The  soil  data  from  this  community  were  extremely  limited.  However, 
based  on  knowledge  of  soil  conditions  on  similar  landfonns,  one  can  predict  that  the  soils 
are  probably  gravelly  loams  on  the  upper  parts  of  the  alluvial  fans,  becoming  more  sandy 
on  the  lower  parts  of  the  fans  at  the  fringes  of  the  basin  area. 
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Prosopis  glandulosa  -  Artemisia  filifolia  (52).  Prosopis  glandulosa  was 
the  dominant  shrub,  with  ground  cover  values  ranging  from  6  to  25  percent.  The  major 
associate  shrub  species  were  Artemisia  filifolia  and  Xanthocephalum  Sarothrae,  with 
ground  covers  of  1  to  5  percent.  Atriplex  canescens  was  commonly  present,  but  its  ground 
cover  was  less  than  1  percent. 

Analyses  of  soils  from  site  106  showed  that  the  texture  of  the  surface 
wa«  sandy  loam,  grading  to  sandy  clay  loam  with  depth.  However,  additional  soil  sampling 
in  this  community  is  needed  so  the  range  of  soil  conditions  can  be  more  fully  described. 
Other  samples  from  tills  land  form  unit  suggest  that  soils  in  this  community  are  loamy  sand 
or  sandy  loam.  Soil  depth  was  60  cm  or  more  and  contained  less  than  3  percent  gravel. 

This  community  was  found  only  on  the  eastern  side  of  the  study  area, 
entirely  within  the  basin.  It  occurred  in  areas  having  coppice  dunes  less  than  1  to  2  meters 
tall,  and  in  flat,  smooth  areas  in  the  basin.  The  community  occupied  areas  between  the 
Prosopis  glandulosa  community  (50)  on  the  coppice  dunes  and  the  Artemisia  filifolia 
community  (60)  on  deep  undulating  sands  and  or.  the  shallow'  sand  deposits  with  slightly 
undulating  surfaces.  This  position  suggests  that  this  community'  is  a  transition  one  between 
the  Artemisia  filifolia  and  Prosopis  glandulosa  communities. 


Artemisia  filifolia  -  Grass  (60).  Artemisia  filifolia .  the  dominant  shrub 
in  this  community,  had  ground  cover  ranging  from  6  to  25  percent.  Other  shrubs  infrequently 
present  were  Atriplex  canescens.  Ephedra  sp..  Xanthocephalum  Sarothrae.  and  Yucca 
data,  which  had  ground  covers  less  than  5  percent.  Da  lea  scoparia  was  a  co-dominant 
species  in  some  areas  where  its  ground  cover  values  ranged  from  6  to  25  percent. 

Grass  species  were  commonly  present  3nd  had  ground  covers  of  6  to  25 
percent.  The  major  grass  species  were  Sporabolus  contractus.  S.  fiexuosus.  and  S.  cryn- 
tandrus  (figure  54). 

Soils  were  sand,  loamy  sand,  or  sandy  loan;,  and  contained  essentially 
no  gravel-size  particles.  When  gravel  particles  were  present,  they  made  up  negligible  per¬ 
centages  of  the  sample.  Soil  depth  w=as  more  than  65  cm  at  most  sites.  A  petrocalcic  horizon 
was  found  at  about  1.5  to  2  meters  below  the  surface  in  the  community  near  the  Meyer 
Small  Arms  Range. 
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FIGURE  54.  Artemisia  filifolia  -  Sporobolus  cryptandras  —  Sporobohts  flexuosus  com¬ 
munity  (60)  with  Dalea  scoparia  and  Ephedra  sp.  on  the  deep  sands 
(Landform  unit  C2).  Sites  30  and  3 1 . 


The  community  occurred  primarily  on  the  eastern  side  of  the  Hueco 
Bolson  and  the  Tularosa  Basin,  paralleling  the  Otero  Mesa  escarpment  in  a  discontinuous 
band.  In  some  instances,  the  Artemisia  filifolia  -  Glass  community  occurred  on  limited 
areas  of  the  Otero  Mesa;  near  Godfrey  Tank;  and  along  Route  62,  33  km  east  of  El  Paso. 
Texas.  In  both  these  instances,  the  soil  texture  was  sandy,  and  the  soil  depth  was  greater 
than  100  cm. 

At  site  270,  the  Artemisia  filifolia  -  Grass  community  was  found  on 
an  inselberg  in  the  dissected  hills  landform  unit  (A2),  portions  of  which  had  been  covered 
by  more  than  1  meter  of  aeolian  sand.  Several  individuals  of  Juniperus  monosperma  and 
Quercus  undulata  were  found  in  the  community.  These  tree  species,  although  commonly 
found  at  higher  elevations,  were  well  established  here  as  individuals  3  to  5  meters  in  height. 

In  the  basin  areas,  this  community  was  divisible  on  the  basis  of  the  type 
of  surface  on  which  it  was  located;  (1)  deep  sand  and  highly  undulating  surfaces,  or  (2) 
moderate  to  deep  sand  on  slightly  undulating  surfaces.  The  largest  contiguous  area  of  the 
Artemisia  filifolia  -  Grass  community  occupied  the  deep  sands  on  highly  undulating  sur- 


faces,  extending  from  Route  506  to  Borrego  Tank  (figure  33).  This  area  contained  the 
deepest  sand  deposits  encountered  in  the  study  area  and  was  the  only  area  in  which  large 
blowouts  were  found.  The  blowouts  were  often  3  to  4  meters  in  diameter  and  1  to  3  meters 
deep  (sites  243,  244,  and  245).  In  areas  around  the  Orogrande  firing  range  and  Wilde 
Tanks  (sites  30  and  31),  Dalea  scoparia,  a  large,  dense  hemispherical  shrub,  was  co¬ 
dominant  with  ground  cover  ranging  from  6  to  25  percent.  Along  the  margin  of  this  com¬ 
munity,  microrelief  changes  of  1  to  2  meters  were  encountered  between  highly  und'  lating 
sand  surfaces  of  the  barchan  dunes  and  the  adjoining  alluvial  fans  and  washes. 

The  area  of  moderate-to-deep  sand  on  slightly  undulating  surfaces  was 
found  near  McGregor  Range  Camp  and  Meyer  Small  Arms  Range,  and  north  of  Route  506 
to  Sacramento  City.  In  these  areas,  Prosopis  glandulosa  shrubs  occurred  within  this  com¬ 
munity.  The  Artemisia  filifolia  community  (60)  gradually  changed  into  an  Artemisia 
filifolia  --  Prosopis  glandulosa  community  (61)  or  Prosopis  glandulosa  -  Artemisia  fili¬ 
folia  (52)  community. 


Artemisia  filifolia  -  Prosopis  glandulosa  (61).  Artemisia  filifolia  was 
the  dominant  shrub  species  in  this  community,  having  ground  cover  ranging  from  6  to  25 
percent.  Prosopis  glandulosa  occurred  as  the  major  associate  species  with  ground  cover 
ranging  from  1  to  5  percent.  Other  shrubs  occurring  in  the  community,  but  with  ground 
covers  less  than  1  percent,  were  Ephedra  sp.,  Opuntia  spp.,  Xanthocephalum  Sarothrae, 
and  Yucca  elata. 


Grasses  were  commonly  found  throughout  the  community,  with  Sporo- 
bolus  cryptandrus  and  S.  flexuosus  as  the  major  species. 

Soils  were  sandy  loams  with  no  gravel  particles.  Insufficient  soil  data 
were  available  to  adequately  describe  the  range  of  soil  textures  in  the  community,  but  soil 
data  from  the  same  landform  indicate  that  soil  textures  were  sands,  sandy  loams,  and  loamy 
sands,  and  soil  depth  was  75  cm  or  more. 

This  community  was  found  in  the  basin  areas  and  was  associated  with 
other  communities  dominated  by  P.  glandulosa  or  A.  filifolia.  This  community  was  not 
encountered  frequently.  Judging  from  the  soil  conditions  of  this  and  other  P.  glandulosa 
and  A.  filifolia  dominated  communities  found  in  the  basins,  one  can  predict  that  this  com¬ 
munity  is  probably  a  transition  stage  in  the  evolution  of  either  P.  glandulosa  or  A.  fili¬ 
folia  dominated  communities. 


106 


Forestlands  (70).  The  forested  and  treed  areas  had  very  limited  distributions. 
Stands  of  small  trees  were  associated  with  some  cattle  watering  tanks  (ponds),  i.e.  Campbell 
Tank,  Borrego  Tank,  Flat  Tank,  and  Mack  Tank,  and  the  protected  draws  on  the  Otero  Mesa 
escarpment,  i.e.  Owl  Tank  Canyon.  Tree  species  forming  these  small  stands  were  Acacia 
sp.,  Cel! is  sp.,  Populus  sp.,  Prosopis  glandulosa,  Tamarix  ramosissima.  and  Ulmus  sp.. 
with  Juniperus  monosperma  and  Qttercus  imdulata  limited  to  the  isolated  draw's.  Although 
P.  glandulosa  occurred  as  a  small  tree  along  the  borders  of  some  cattle  watering  tanks,  i.e 
Hay  Meadow  Tank  and  Lake  Tank,  its  normal  stature  in  the  study  area  was  a  short-to-med- 
ium-height  shrub.  In  some  major  drainageways  extending  into  the  Hueco  Bolson  and  Tularosa 
Basin  from  the  Otero  Mesa  escarpment,  Chilopsis  chiliensis  formed  dense  stands  of  tall 
shrubs  and  small  trees. 

For  all  practical  purposes,  the  only  forested  areas  found  that  satisified  minimum 
mapping  criteria  were  those  at  the  higher  elevations  approaching  the  Sacramento  Mountains 
in  the  northestern  portion  of  the  study  area  (figure  34)  and  the  Organ  Mountains  (figure  33). 
In  these  areas,  Juniperus  monosperma,  Pintis  edulis,  and  Qttercus  imdulata  were  the 
major  tree  species.  Associate  shrub  species  were  Agave  sp.,  Cercocarpus  montanus,  Chry- 
sothamnus  sp.,  Nolina  sp.,  and  Xanthoceplialum  Sarotltrae.  Soils  in  these  areas  were 
very  shallow  to  bedrock  on  the  middle  and  upper  slopes,  and  they  were  gravelly  silty  clay 
and  silty  clay  with  some  gravel  particles  on  colluvial  material  on  lower  slopes.  Figures  55  and 
56  illustrate  the  Juniperus  monosperma  -  Quercus  imdulata  community  near  Culp  Draw 
on  the  northeast  edge  of  the  study  area,  and  in  the  Organ  Mountains  on  the  western  side  of 
the  study  area,  respectively. 


FIGURE  56.  Juniperus  monosperma  -  Quercus  undulata  community  (70)  with  Cerco- 
carpus  montanus  in  the  Organ  Mountains  (Landform  unit  A3). 


Other  (90).  This  mapping  unit  included  those  sample  quadrants  in  which  the 
percent  bare  ground  was  greater  than  75  percent,  and  where  vegetative  ground  cover  was 
less  than  25  percent,  but  the  percent  ground  cover  of  any  particular  species  was  not  greater 
than  5  percent. 


Soils  were  generally  gravelly  silt  loam  formed  on  upper  alluvial  fan  units.  The 
gravel  fraction  was  about  20  percent  of  the  sample. 


PLANT  COMMUNITY  AND  LANDFORM  RELATIONSHIPS.  Data  were  obtained 
by  simultaneous  sampling  of  the  vegetation  and  landform  maps.  The  maps  for  each  photo¬ 
mosaic  were  superimposed  one  on  the  other,  and  by  using  the  point  sampling  technique, 
data  that  describes  combinations  of  plant  communities  and  landforms  were  collected  at 
6,033  sample  points.  The  frequency  of  each  relationship  is  presented  as  a  percent  of  the 
total  sample  in  table  7.  The  sum  of  each  row  equals  the  percent  of  the  study  area  in  which 
a  particular  plant  community  occurred.  The  sum  of  each  column  equals  the  percent  of  the 
study  area  classified  as  a  particular  landform.  The  values  shown  are  relative  percentages 
of  the  study  area  because  the  mosaics  were  not  geographically  rectified. 


The  percentage  value  given  at  the  intersection  of  a  row  and  a  column  is  the  percentage 
of  the  study  area  occupied  by  a  particular  plant  community/landform  association.  Only 
about  one-half  of  the  350  potential  associations  between  the  25  land  cover  mapping 
units  and  the  14  landform  mapping  units  were  encountered;  30  of  these  had  a  frequency 
of  0.5  percent  or  greater,  and  15  had  a  frequency  of  1.0  percent  or  greater.  The  plant 
community/landform  relationships  with  the  highest  frequencies  were  the  Prosopis  glan- 
dulosa  -  Xanthocephalum  Sarothrae  -  Atriplex  canescens  -  Grass  (50)  community  and 
the  light-tC'.ied,  speckled  sand  dunes  (Cl),  which  accounted  for  about  26  percent  of  the 
study  area;  the  grassland  community  (10)  and  the  mesa  (Al),  13.3  percent;  and  the 
Grass  -  Parthenium  incanum  (16)  community  and  the  highly  dissected  hills  (A2),  8.5 
percent. 


The  frequency  table  shows  that  the  occurrence  of  the  plant  communities  is  not  inde¬ 
pendent  of  landform  units.  By  using  the  chi-square  test  to  evaluate  plant  community/land- 
form  frequency  data,  one  can  show  that  the  plant  communities  were  not  independent  of  the 
landform  unit  at  the  95  percent  level  of  confidence,  with  107  degrees  of  freedom: 


Chi-square  = 


(8) 


where  f2  equals  the  observed  frequency  and  fj  equals  the  expected  frequency  (17.2). 
The  number  of  degrees  of  freedom  W'  re  determined  as 


DF  =  {  (R  -  l)  -  (C  -  1)  ]  -  n 


(9) 
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Frequencies  of  Plant  Community  and  Landform  Relationships  (Percent  Basis) 

Landform  Unit 
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PCN  =  Plant  Community  Number  .0  =  Frequencies  <0.1%  Q  =  Frequency  >  1.0  percent 

0.0  =  No  Observations 


where  R  is  the  number  of  rows,  C  the  number  of  columns,  and  n  is  the  sum  of  observed 
frequencies  less  than  5.37 


Apportioning  the  frequency  data  of  each  plant  community  with  regard  to  land  form 
was  made  on  a  100  percent  basis.  This  shows  the  likelihood  of  encountering  a  plant  com¬ 
munity,  given  a  specific  landform  unit  (table  8).  The  plant  eommunity/landform  associations 
were  grouped  into  one  of  three  arbitrary  classes:  (1)  those  with  frequencies  of  20  percent 
or  more,  which  were  the  major  associations;  (2)  those  with  10  to  20  percent  frequency, 
which  were  minor  associations;  and  (3)  those  with  less  than  10  percent,  which  were  the 
least  important  associations. 


Figure  57  illustrates  the  association  of  the  major  plant  communities,  those  occurring 
on  more  than  20  percent  of  a  landform  unit,  and  the  minor  plant  communities,  those 
occurring  on  10  to  20  percent  of  a  landform  unit.  The  length  of  the  line  segments  represents 
the  relative  percentage  of  the  study  area  occupied  by  each  landform  unit. 


Mountain/Hills  (Al,  A2,  A3)  Plant  Communities.  The  plant  communities 
associated  with  the  mesa  landform  (Al)  were  primarily  the  grassland  communities  10, 
10A,  and  10B,  of  which  the  Bouteloua  eriopoda  ~  Bouteloua  curtipendula  grassland 
(10A)  was  the  most  common  and  had  its  greatest  occurrence  on  this  landform  unit.  The 
Grass  -  Parthenium  incanum  community  (16)  was  found  where  soils  were  shallow  or 
bedrock  was  exposed  and  also  found  along  the  mesa  escarpment.  The  Grass  -  Larrea  tri- 
dentata  community  (11)  occurred  primarily  in  this  landform  unit,  but  its  frequency  was 
very  low. 


37J.E.  Freund,  Modem  Elementary  Statistics,  4th  Ed.  Englewood  Cliffs,  NJ;  Prentice-Hall,  Inc.,  1973,  p  532. 
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TABLE  8.  Frequency  of  Plant  Community  and  Landform  Relationships  as  a  Percentage  of  the  Landform  Unit. 
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FIGURE  57.  Plant  community  associations  with  specific  landforms.  The  width  of  each  landform  unit  is  proportional 
to  its  relative  percentage  of  the  study  area.  The  frequencies  of  major  and  minor  plant  communities 
reflect  the  relative  percentage  that  that  community  occurs  on  the  landform.  For  example,  the  Boute- 
loua  grassland  (10A)  occurs  on  more  than  20%  of  landform  A1  and  is  the  major  plant  community. 


The  most  common  plant  community  associated  with  the  highly  dissected  hills 
(A2)  was  the  Grass  -  Parthenium  incanum  (16)  community,  which  occurred  primarily 
on  this  landform  type.  Grassland  communities  were  found  on  a  limited  basis,  with  Bouteloua 
curtipendula  -  Bouteloua  uniflora  (10B)  the  most  common  grassland  on  the  A2  landform. 
Grass  -  Acacia  comtricta,  Acacia  constricta  -  Grass,  and  Acacia  constricta  -  Larrea 
tridentata  -  Grass  communities  (13,  30,  and  31)  were  found  almost  exclusively  on  this 
landform  unit  between  the  Otero  Mesa  and  Route  54,  although  this  was  not  apparent  from 
data  in  table  8.  The  Juniperus  monosperma  -  Quercus  undulata  community  (70)  was 
found  on  landform  A2,  along  the  southern  flank  on  the  Sacramento  Mountains. 

Two  communities  were  common  on  the  rugged,  sharp-crested  mountain  la, id- 
form  (A3),  the  Bouteloua  cwtipendula  ~  Bouteloua  uniflora  grassland  (10B)  and  the 
Juniperus  monosperma  -  Quercus  undulata  community  (70).  The  latter  community  was 
found  in  the  Organ  Mountains.  The  Larrea  tridentata  -  Parthenium  incanum  -  Grass 
community  (22)  was  a  minor  community  associated  with  landform  A3.  About  half  of  its 
distribution  was  found  on  landform  A3. 


Alluvial  Fan  (Bl,  B2,  B3,  B4,  B5,  B6)  Plant  Communities.  The  plant  com¬ 
munities  found  on  the  alluvial  fans  were  those  in  which  Larrea  tridentata  was  either  the 
dominant  or  major  associate  species.  On  the  upper  alluvial  fans,  B 1  and  B2,  Larrea  tridentata 
and  Larrea  tridentata  -  Grass  communities  (20  and  21)  were  the  major  plant  communities. 
This  was  also  the  landform  unit  on  which  they  most  commonly  occurred.  Other  shrub  and 
grass  communities  were  more  common  on  the  middle  and  lower  elevation  alluvial  fans,  B3 
and  B4,  where  a  mixture  of  the  Grassland,  Flourensia  cernua,  and  Prosopis  glandulosa 
communities  (10,  41,  and  50)  and  L.  tridentata  dominated  communities  (20,  23,  and  25) 
were  found.  The  communities  associated  with  the  lower  alluvial  fans  were  Larrea  tridentata, 
(20);  Flourensia  cernua  -  Larrea  tridentata  -  Grass,  (41);  Larrea  tridentata  -  Prosopis 
glandulosa  -  Xaitthocephalum  Sarothrae,  (23);  Larrea  tridentata  -  Flourensia  cernua  - 
Grass,  (25);  Grass  -  Flourensia  cernua  -  Larrea  tridentata,  (12);  and  the  Grassland  com¬ 
munity  (10),  primarily  the  Scleropogon  brevifolius  -  Hilaria  mutica  community  (IOC). 
The  Flourensia  cernua  -  Grass  community  (40)  was  found  only  on  the  lowest  alluvial  fan, 
B4,  covering  large  areas,  although  in  regard  to  the  total  study  area  its  frequency  was  quite 
low. 


The  major  plant  communities  found  on  the  sand-covered  alluvial  fans  (B5) 
were  those  dominated  by  either  L.  tridentata  or  P.  glandulosa,  i.e.  primarily  either  the 
Larrea  tridentata  -  Prosopis  glandulosa  -  Xanthocephalum  Sarothrae  (23),  or  Prosopis 
glandulosa  -  Larrea  tridentata  (51)  community.  The  association  of  these  communities  on 
landform  B5  accounted  for  about  20  and  35  percent,  respectively,  of  their  total  coverage 
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in  the  study  area.  The  occurrence  of  P.  glandulosa  dominated  communities  on  the  alluvial 
fans  indicates  changes  in  soil  conditions  on  the  fan  brought  about  by  deposition  of  aeolian 
sand.  Where  the  amount  of  sand  was  substantial,  the  shrubs  incapable  of  tolerating  partial 
or  complete  burial,  i.c.  L.  tridentata,  are  eliminated,  then  replaced  by  species  capable  of 
either  adventitious  growth  or  rapid  establishment  on  the  active  fan  areas.  P.  glandulosa 
appears  to  be  replacing  L.  tridentata,  particularly  on  areas  subjected  to  aeolian  sand  de¬ 
position.  The  Larrea  tridentata  -  Prosopis  glandulosa  -  Xanthocephalum  Sarothrae  (23) 
community  occupies  sites  where  aeolian  deposition  is  active  on  the  fan  and  occupies  sites 
between  the  upper  alluvial  fan  (Bl)  communities  dominated  by  L.  tridentata  (20  and  21) 
and  the  Prosopis  glandulosa  -  Xanthocephalum  Sarothrae  -  A  triplex  canescens  -  Grass 
community  (50)  of  the  basin  areas. 

The  alluvial  fans  on  the  Otero  Mesa  (B6)  were  covered  almost  entirely  with 
grassland  communities,  Bouteloua  eriopoda  -  Bouteloua  curtipendula  (10A)  in  particular. 
Two  isolated  areas  of  the  Artemisia  filifolia  -  Grass  community  (60)  were  also  found. 


Basin  Area  (Cl,  C2,  C3,  C4)  Plant  Communities.  Four  landform  units  were 
identified  in  the  basin  areas:  (1)  light-toned,  speckled  sand  dunes  (coppice  dunes.  Cl): 
(2)  dark-toned,  rough-textured  sand  dunes  (C2);  (3)  low,  smooth  areas  (C3);  and  (4) 
small,  dark-toned  depressions  (C4). 

The  most  prevalent  plant  community  in  the  basin  area  was  clearly  the  Prosopis 
glandulosa  -  Xanthocephalum  Sarothrae  -  A  triplex  canescens  -  Grass  (50)  community, 
which  occupied  about  C5  percent  of  the  Cl  landform.  Other  communities  dominated  by 
either  Artemisia  filifolia  or  the  Sporobolus  spp.  grasses  were  found  on  limited  areas  of  the 
Cl  sand  dunes,  but  their  occurrence  was  clearly  overshadowed  by  the  presence  of  the  Pro¬ 
sopis  glandulosa  community.  Plant  communities  occurring  on  the  Cl  landform  and  which 
accounted  for  more  than  40  percent  of  their  coverage  within  the  study  area  were  Prosopis 
glandulosa  -  Xanthocephalum  Sarothrae  -  Atriplex  canescens  -  Grass  (50).  Grass  - 
Prosopis  glandulosa  (15),  Grass  -  Artemisia  filifolia  (14),  Prosopis  glandulosa  -  Artemisia 
filifolia  (52),  and  Artemisia  filifolia  —  Prosopis  glandulosa  (61)  communities. 

The  major  plant  community  associated  with  the  large,  dark-toned  sand  dunes 
(C2)  was  the  Artemisia  filifolia  -  Grass  community  (60).  The  minor  plant  communities 
were  the  Sporobolus  cryptandrus  -  Sporobolus  flexuosus  (10D),  Grass  -  Prosopis  glan¬ 
dulosa  (l  5),  and  Prosopis  glandulosa  -  Xanthocephalum  Sarothrae  -  Artiplex  canescens  — 
Grass  (50)  communities. 
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The  plant  communities  in  the  low,  smooth  areas  on  the  basins  (C3)  were  mostly 
Sporobolus  cryptandrus  -  Sporobolus  flexuosus  grasslands  (10D)  and  the  Artemisia  Jlli- 
folia  -  Grass  (60)  community.  Sporobolus  cryptandrus  and  S.  flexuosus  were  the  dom¬ 
inant  grass  species  in  both  communities. 

The  major  plant  community  in  the  small  depression  area  (C4)  was  Larrea 
tridentata  -  Flourensia  cernua  -  Grass  (25).  The  minor  communities  associated  with 
this  landform  were  the  Sporobolus  cryptandrus  -  Sporobolus  flexuosus  grassland  (10D), 
and  the  Artemisia  filifolia  —  Grass  (60)  communities.  In  the  almost  circular  depressions, 
or  playas,  grass  communities  dominated  by  Hilaria  mutica  and  Muhlenbergia  Porteri  were 
found. 


Wash  (D)  Plant  Communities.  Along  the  major  drainageways,  several  plant 
communities  were  encountered,  all  of  which  had  species  common  to  each  other  but  which 
differed  in  dominant  species.  The  major  plant  community  was  the  grassland  community  ( 10) 
dominated  by  Scleropogon  brevifolius  and  Hilaria  mutica.  The  Sporobolus  giganteus 
( 1 0E)  community  was  less  frequently  found.  Minor  plant  communities  associated  with  this 
landform  were  Grass  —  Flourensia  cernua  (12),  Flourensia  cernua  -  Larrea  tridentata  - 
Grass  (41),  and  Larrea  tridentata  (20). 
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DISCUSSION 


The  major  landform  and  plant  communities  identified  in  this  study  were  comparable 
with  those  identified  by  Wyatt38  and  by  Kenmatsu  and  Pigott.39  Associations  of  plant 
communities  with  specific  landform  units  and  soil  conditions  were  also  identified  in  these 
prior  studies,  but  greater  diversity  was  found  among  the  plant  communities  and  landforms  in 
this  study  than  was  previously  described.  The  phytosociological  data  of  this  study  (appen¬ 
dixes  A,  B,  and  F)  show  a  greater  diversity  among  the  shrub-dominated  communities 
than  previous  studies,  particularly  those  communities  dominated  by  Larrea  tridentata 
or  Prosopis  glaitdulosa. 


The  greatest  divergence  between  this  and  previous  studies,  however,  is  in  the  grass¬ 
land  community  (10),  analogous  to  the  Grama-Dropseed-Vine  Mesquite  association  of 
Kenmatsu  and  Pigott.40  The  present  study  found  greater  habitat  diversity  within  the  grass¬ 
land  mapping  unit  and  within  the  phytosociological  data  of  the  grassland  community  than 
had  been  described  previously,  although  the  diversity  in  the  grassland  could  not  be  depicted 
on  the  1:50,000  scale  photography  and  was  mapped  as  a  single  grassland  community  (10). 
The  five  grassland  communities  were  identified  and  described  from  phytosociological  and 
field  data.  The  grouping  of  all  grasslands  into  a  single  community  did  not  recognize  the 
narrow  habitat  requirements  of  the  various  grass  species  within  the  mapping  unit.  The  terrain 
data  associated  with  the  grassland  mapping  unit  further  substantiated  this  conclusion,  and 
five  grassland  sub-communities,  each  dominated  by  one  or  two  grass  species,  were  recognized. 

All  plant  species  in  the  study  area  can  be  separated  into  four  groups  that  are  defined  by 
soil  conditions  and  landform  types  (table  9).  The  first  group  of  plant  species  are  those  species 
found  on  sandy-textured  soils  in  the  basin  areas.  The  species  most  commonly  associated  with 
these  soils  and  the  Cl  and  C2  landform  units  were  Prosopis  glandulosa,  Artemisia  filifolia, 
Xanthocephalum  Sarothrae,  A  triplex  canescens,  Sporobolus  flexuosus,  S.  cryptandrus.  SL 
contractus  and  Yucca  elata.  Except  for  P.  glandulosa,  Y.  elata,  and  X  Sarothrae,  these 


38j.t.  Wyatt,  “Ecological  Analysts  McGregor  Range  (New  Mexico),  Fort  Bliss,  Texas”  in  US  Army  Environmental  Hygiene 
Agency,  Environmental  Assessment  of  McGregor  Range  (New  Mexico)  Fort  Bliss,  Texas.  March-July  1975. 

39R.D.  Kenmatsu  and  J.D.  Pigott,  A  Cultural  Resources  Inventory  and  Assessment  of  McGregor  Guided  Missile  Range, 
Otero  County,  New  Mexico,  Part  III.  Botanical  and  Geological  Studies.  Tex.  Archclogical  Survey  Research  Report  No. 
65:111,  University  of  Texas.  Austin,  TX. 

^°lhid. 
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TABLE  9.  Summary  of  Plant  Community,  Landform,  Edaphic  Associations 


mutica  -  Flourensia  cernua  -  Larrea 
tridentata  (12) 


. . , . . . . 


m.. jmfl. tf... ■  «iiW (.'it!, i in ^mnndiii*  In. it***! i  .'ij 


species  were  rarely  found  on  r.on-sandy  soils.  Most  of  these  species  have  deep  root  systems 
that  extend  to  a  depth  of  several  meters,  but  which  probably  do  not  extend  to  the  water 
table  in  the  basin  areas  reported  to  be  38  meters  (125  feet)  by  Meinzer41  and  Cliett.42 
P.  glandulosa,  reportedly  a  phreatophyte  in  parts  of  Arizona,43  is  probably  not  a  phreato- 
phyte  in  the  Tularosa  Basin  and  the  Hueco  Bolson  because  of  the  great  depth  to  ground 
water.  Trenches  dug  in  the  coppice  dunes  show  P.  glandulosa  produces  adventitious  roots 
from  buried  branches.  The  formation  of  adventitious  roots  from  buried  stems  generally 
begins  about  15  cm  below  the  dune  surface;  a  dense  root  system  was  evident  in  the  two- 
meter  profile  dug  in  several  coppice  dunes. 


The  soil  texture  in  the  basin  areas  suggests  that  only  very  drought-tolerant  species 
should  occupy  these  soils;  however,  the  soil  volume  from  which  the  plants  can  absorb  water 
is  substantial.  The  deposition  of  sand  in  the  shrub  canopy  increases  the  soil  volume  from 
which  the  plant  could  obtain  soil  moisture.  This  larger  volume  of  soil  can  have  a  greater 
potential  plant-available  water  reservoir  than  some  shallow  loam  and  silty  clay  soils  on  other 
land  form  units.  The  species  on  the  sand  dunes  are  probably  moderately  drought  tolerant, 
but  are  not  as  drought  tolerant  as  those  species  found  on  shallower  soils  or  exposed  bedrock, 
i.e.  Acacia  constricta  or  Larrea  trident  at  a. 


Soil  textures  in  the  basin  areas  were  sandy  loams,  sandy  clay  loams,  silty  clay  loams, 
loamy  sands,  and  sand.  Soil  depth  varied  from  less  than  30  cm  in  the  interdunal  areas  to 
more  than  2  meters  from  the  tops  of  the  coppice  dunes.  In  the  very  deep  sands  (C2j,  the 
soil  depth  was  greater  than  2  meters  with  no  indurate  horizon  within  this  depth.  Although 
most  of  the  soils  hold  small  amounts  of  water  (less  than  5  percent  plant-available  water), 
the  potential  soil  water-reservoir  is  large  because  of  the  soil  depth.  Observations  made  in 
several  pits  determined  that  the  petrocalcic  horizon  had  many  fractures  and  channels  in 
which  water  and  plant  roots  could  penetrate  to  deeper  horizons  (figure  27). 


410.'.;.  Meinzer  and  R.F.  Hare,  “Geology  and  Water  Resources  of  Tularosa  Basin,  New  Mexico.”  USGS  Water  Supplv 
Paper  343, 1915.  pp  11-55  and  176-207. 

4“T.Clictt,  “Groundwater  occurrence  of  the  HI  Paso  Areas  and  its  related  geology”  New  Mexico  Geol.  Soc.  Guidebook 
20;  1969.  pp  209-214. 

43O.H.  Meinzer,  “Plants  as  indicators  of  Ground  Water."  Washington  Acad.  Sci.  Journ.  16(2):533-564, 1926. 


A  second  group  of  plant  species  was  associated  with  the  upper  alluvial  fans  and  the 
upland  areas  underlain  by  limestone  bedrock  (the  highly  dissected  hills  and  parts  of  the 
mesa  landforms).  Soils  found  on  the  upper  alluvial  fans  and  on  the  highly  dissected  hills 
were  less  than  15  cm  deep  to  bedrock  or  to  the  petrocalcic  horizon.  Soils  were  clay,  clay 
loam,  loam,  and  gravelly  loam,  and  many  soils  contained  substantial  amounts  of  gravel. 
The  mesa  soils  were  less  than  30  cm  deep  and  were  gravelly  clay  loam  in  texture. 


The  plant  species  occurring  in  these  areas  were  the  grasses  Bouteloua  curtipendula, 
Muhlenbergia  setifolia,  Sporobolus  Wrightii,  and  Tridens  muticus.  The  shrub  species  were 
Ajacia  constricta.  Agave  sp.,  Dyssodia  acerosa,  Ephedra  sp.,  Fouquieria  splendens,  Koe- 
berlina  spinosa,  Larrea  tridentata,  Nolina  sp.,  Parthcnium  incamtm.  Yucca  baccata,  and 
Y.  Torreyi.  Hilaria  mutica  and  Scleropogon  brevifolius  occurred  in  these  plant  com¬ 
munities  on  clay  soils  15  to  30  cm  deep.  Bouteloua  eriopoda  and  L.  tridentata  occurred 
on  the  mesa,  where  silty  clay  loam  and  loam-textured  soils  were  greater  than  30  cm  in  depth. 
Soils  in  these  areas  were  capable  of  holding  substantial  amounts  of  plant-available  water 
per  unit  volume  of  soil;  however,  soil  depth  was  the  factor  limiting  the  total  soil-water 
reservoir. 


A  third  group  of  plant  species  was  associated  with  the  lower  alluvial  fans,  the  de¬ 
pressions  in  the  basins,  and  the  washes.  The  soils  were  mostly  clay  loam,  silty  clay  loam, 
clay,  and  sandy  clay,  which  were  more  than  30  cm  deep.  The  plant  species  commonly  found 
on  these  soils  were  the  grasses  Hilaria  mutica,  Muhlenbergia  Ported,  Scleropogon  brevi¬ 
folius,  and  Sporobolus  giganteus  and  the  shrubs  Flourensia  cernua  and  Larrea  tridentata. 
These  species  and  the  communities  they  formed  occupied  low  lying  areas  that  received 
water  from  adjacent  areas,  which  suggested  these  species  were  the  least  drought  tolerant. 
Their  presences  primarily  on  deco  soils  that  could  hold  substantial  plant-available  water 
substantiates  this  observation.  H.  mutica  and  Scleropogon  brevifolius  were  found  in  the 
Acacia  constricta  -  Grass  community  (30)  on  the  highly  dissected  interbedded  limestones 
and  shales.  H.  mutica  was  found  only  on  the  clay  "oils  developed  on  the  shale  beds  that 
could  receive  surface  runoff  from  the  upper  slopes. 


The  fourth  group  of  plant  species  was  associated  with  the  intermediate  and  sand- 
covered  alluvial  fans,  parts  of  the  mesa,  the  dissected  hills,  and  the  upper  alluvial  fans.  The 
soils  in  these  areas  were  15  to  30  cm  deep  and  were  clay  loam,  clay,  sandy  clay,  and  sandy 
clay  loam.  Grass  species  occurring  on  these  soils  were  Bouteloua  curtipendula,  B.  eriopoda, 
Muhlenbergia  sp.,  and  Sporobolus  Wrightii.  The  shrub  species  were  Larrea  tridentata 
and  Prosopis  glandulosa. 
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Certain  environmental  factors,  which  affected  the  plant  species  and  plant  community 
distribution,  varied  in  intensity  in  the  different  landform  units.  In  the  basin  area,  the  climatic 
factors  were  rather  uniform  throughout,  although  variations  in  precipitation  and  temperature 
have  been  reported  (table  1).  The  cdaphic  (soil)  factors  were  believed  to  be  the  major  in¬ 
fluences  on  the  distribution  of  plant  species. 

The  effects  of  soil  texture,  soil  depth,  soil  moisture,  depth  to  ground  water,  and 
soil  salinity  on  the  distribution  of  plant  species  in  arid  regions  have  been  discussed  by 
others.4 4 ,4S’4  6  Depth  to  ground  water  was  probably  an  insignificant  factor  affecting  plant 
distribution  because  the  water  table  has  been  reported  at  depths  in  excess  of  38  meters 
(125  feet),  well  below  the  anticipated  root  zone  for  most  plant  species  in  the  area.47,48 
Perched  water  could  be  a  local  consideration,  but  for  most  of  the  study  area,  perched  water 
was  probably  not  as  important  as  some  other  factor(s).  Soil  salinity  was  not  a  significant 
factor  because  salt  concentration  in  the  soil  was  too  low  to  effect  the  distribution  of  plant 
species  (appendix  C).  Soil  salinity  could  be  a  factor  affecting  plant  distribution  in  a  few  small 
areas  located  below  the  Otero  Mesa  escarpment  where  gypsum  was  present  at  or  near  the 
soil  surface. 


The  soil  depth,  soil  texture,  and  soil  moisture  relationships  are  probably  the  more 
important  factors  affecting  plant  distribution  in  this  study  area.  The  potential  soil-water 
reservoir  within  the  root  zone  probably  has  the  greatest  effect  upon  species  distribution 
because  of  its  influence  on  seedling  establishment  and  growth,  which  are  the  critical  stages 
for  plants  invading  new  sites,  and  in  plant  growth  in  general.  Two  edaphic  factors  directly 
affecting  the  soil-water  reservoir  are  the  soil  texture,  which  in  turn  affects  the  soil  moisture 
retention  characteristics,  and  the  soil  depth.  The  soil  textures  in  the  study  area  were  highly 
correlated  with  the  potential  water  retained  by  a  soil  at  the  field  capacity  (0.33  bar  potential) 
and  the  wilting  point  (15  bars  potential).  Soil  analysis  revealed  that  the  potential  water 
held  in  a  soil  varied  inversely  with  the  percent  sand  and  directly  with  the  percent  clay  (figures 
9  and  10). 
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Soil  depth  directly  affects  the  soil-water  reservoir,  primarily  as  a  dimensional  para¬ 
meter  affecting  soil  volume.  For  two  soils  of  the  same  texture,  one  shallow  and  the  other 
deep,  the  shallow  soil  would  hold  the  lesser  amount  of  plant-available  water  because  of  its 
smaller  soil  volume.  In  this  area,  drought  conditions  can  exist  for  most  of  the  year,  and  soil 
moisture  in  the  root  zone  can  be  at  the  wilting  point  for  substantial  periods.  Herbal  found 
that  insufficient  available  soil  moisture  from  April  through  June  limited  the  growing 
season.49  During  the  growing  season,  July  through  September,  and  when  normal  precipi¬ 
tation  occurred,  readily  available  soil  moisture,  held  at  less  than  5  bars  potential,  was  present 
in  the  upper  25  cm  of  the  soil  profile  about  half  the  time.  The  number  of  days  when  soil 
water  was  available  during  the  drought  years  was  about  half  that  found  for  years  of  normal 
precipitation.  Climatic  data  for  the  study  area  show  the  total  evaporation  can  be  10  times 
greater  than  the  precipitation  (table  2).  This  ratio  was  also  reported  by  Campbell  for  the 
coppice  dune  area  near  the  Jornada  Range,  New  Mexico.50  This  indicates  biological  and 
physical  factors  are  affecting  the  plant-soil-water  relationships  and  are  influencing  the  dis¬ 
tribution  of  the  plant  species  in  the  study  area.  The  potential  evaporation/precipitation  ratio 
and  the  plant-available  water  held  in  the  soil  indicates  that  soil  and  atmospheric  drought 
conditions  can  exist  for  some  time  during  the  growing  season.  Factors  affecting  the  recharge 
of  the  soil-water  reservoir  and  plant  drought  tolerance  and  drought  evasive  measures  now 
become  important  considerations  explaining  the  plant  distribution. 


The  frequency  and  depth  that  recharge  of  the  soil-water-holding  capacity  could  occur 
depends  on  the  initial  soil  moisture  status,  soil  texture,  soil  depth,  soil  infiltration  and  per¬ 
colation  characteristics,  and  the  frequency,  amount,  and  intensity  of  precipitation.  Water 
falling  on  a  soil  surface  usually  infiltrates  the  surface  and  percolates  downwards,  thereby 
recharging  the  soil-water  reservoir.  During  intense  precipitation  events,  surface  runoff  can 
carry  away  much  of  the  precipitation  when  the  rate  of  precipitation  exceeds  the  infiltration 
and  percolation  rates,  which  can  happen  frequently  during  the  late  summer  and  early  fall 
in  this  area.  Surface  runoff  in  some  parts  of  the  dun°  area  can  be  a  frequent  event  in  view 
of  the  number  of  small  drainageways  observed  on  t.  ground  and  on  the  1:50,000  scale 
photography.  These  areas  apparently  have  a  petrocalcic  horizon  near  the  surface  in  the 
interdunal  areas.  Because  sandy-textured  soils  hold  less  water  per  unit  soil  volume  than  do 
the  silty  clay-  and  clay-textured  soils  (figures  9  and  10),  a  given  amount  of  water  can  fill  the 


49C,H.  Herbal,  "Fertilizing  Tabosa  Grass  on  Floodplains  in  the  Scmidescrt  Grassland.”  J.  Range  Management.  16:133- 
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soil-water-holding  capacity  of  a  sandy  soil  to  greater  depth  in  the  soil  profile  than  for  the 
finer  textured  soils.  Plants  growing  on  these  sandy-textured  soils  could  readily  deplete  the 
soil-water  reservoir  because  the  amount  of  plant-available  water  is  rather  low;  generally  less 
than  8  percent.  To  obtain  water  from  the  soil,  plant  species  must  develop  extensive  root 
systems  that  provide  access  to  a  large  soil  volume  from  which  they  could  acquire  plant- 
available  water  for  their  biological  processes.  In  the  sandy  soils  in  the  basin  areas,  the  do¬ 
minant  shrub  species  Prosopis  glandulosa,  Artemisia  fiiifolia,  Dalea  scoparia,  Xantho- 
cephalum  Sarothrae,  and  A  triplex  canescens  have  deep  root  systems  (>  3  meters).  The 
grasses,  also  found  in  this  areas,  Spurobolus  flexuosus.  S.  cryptandrus,  and  S.  contractus, 
have  moderately  deep  root  systems  (about  3  meters),  but  most  of  the  grass  root  systems 
are  found  near  to  the  soil  surface  (within  0.5  meter). 


Plant  species  growing  on  soils  with  large  soil-water  reservoirs,  such  as  silty  clay  and 
clay  soils,  may  not  require  as  extensive  a  root  system  as  those  species  growing  on  sandy  soils, 
since  the  fine-textured  soils  have  a  greater  water-holding  capacity  per  unit  volume  of  soil. 
Dominant  shrub  species  on  these  soils  were  Larrea  tridentata  and  Flourensia  cernua  and 
the  major  grass  species  were  Hilaria  mutica,  Muhlenbergia  Porteri,  M.  urenacea,  Sporo- 
bolus  Wriglttii,  and  Tridens  muticus.  Although  the  silty  and  clayey  soils  hold  more  plant- 
available  water,  10  to  15  percent,  they  require  more  water  to  recharge  them  once  they  have 
“dried  out.’’  The  recharge  can  be  slow  or  negligble,  particularly  during  intense  rainfall  events 
of  short  duration.  If  water  does  not  percolate  below  the  active  zone  of  surface  evaporation, 
the  soil  water  would  be  lost  through  surface  evaporation  with  little  uptake  by  the  plants. 


The  infiltration  rate  determines  the  amount  of  water  entering  the  soil  and  percolating 
through  the  profile.  During  intense  precipitation  events,  a  substantial  amount  of  precipitation 
falling  on  the  fine-textured  soils  can  become  surface  runoff,  which  takes  away  water  that 
otherwise  might  have  been  held  in  the  soil  profile  for  plant  uptake.  Surface  runoff  from  fine- 
textured  soils  on  steep  slopes,  such  as  those  found  on  A2,  A3,  and  B1  iandfo-ms,  would 
remove  rainfall  that  would  have  recharged  the  soil-water  reservoir  to  a  considerable  depth, 
but  because  the  infiltration  and  percolation  rates  decrease  as  the  soil  surface  becomes  wet, 
only  the  upper  centimeters  may  be  wetted.  Given  enough  time,  the  water  falling  on  these 
sites  could  percolate  through  the  soil  profile  and  recharge  the  soil-water-holding  capacity. 
The  slower  infiltration  and  percolation  rates  of  the  fine-textured  soils  in  the  lower  alluvial 
fans  (B3  and  B4)  and  the  playas  (C4)  are  offset  by  the  surface  water  received  from  higher 
elevations  and  slopes  and  by  the  greater  length  of  time  for  the  surface  waters  to  infiltrate 
and  percolate  these  soils  on  the  less  steep  slopes  (0  to  3  percent).  Although  the  infiltration 
rate  drops  off  as  the  surface  horizon  is  wetted,  water  is  held  on  the  surface  for  a  longer  time, 
during  which  water  can  move  into  the  soil  and  percolate  to  deeper  levels. 
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Each  of  the  22  plant  communities  recognized  in  the  study  area  were  associated  more 
frequently  with  one  or  more  particular  land  form  units  than  with  others,  as  discussed  above. 
This  was  interpreted  as  the  species  of  a  community  being  adjusted  to  the  soil  and  soil-water 
conditions  of  the  landform  unit.  Field  and  laboratory  data  show  soil  depth  and  textural 
conditions  varied  throughout  the  study  area  with  landform  conditions  (table  4).  Because 
of  the  effect  of  these  two  edaphic  factors  on  the  soil-water  reservoir,  it  can  be  assumed  that 
the  potential  soil-water-holding  capacity  also  varied.  Species  occurring  on  certain  soil  con¬ 
ditions  reflect  these  edaphic  differences  as  well  as  the  species  drought  tolerance  and  moisture 
requirements:  the  more  drought-tolerant  species  would  be  expected  on  the  more  xeric 
sites,  and  the  less  drought-tolerant  species,  on  soils  with  large  soil-water  reservoirs  in  the  root 
zone,  and  on  sites  where  water  from  other  areas  accumulated  or  flowed.  For  example,  plant 
species  such  as  Acacia  constricta,  Fonquieria  splendens,  Opuntia  spp.,  and  Nolina  sp., 
were  routinely  found  on  the  dissected,  interbedded  limestones  where  soils  were  very  shallow 
or  nonexistent.  This  was  probably  the  most  xeric  site  in  the  study  area,  since  the  amount 
of  plant  available  water  held  in  the  soil  was  very  small,  although  some  water  could  be  held 
in  rock  fractures. 


Larrea  tridentata,  Parthenium  incanvm,  Bouteloua  curtipendula,  Viguiera  stenoloba, 
Sporobolus  Wrightii,  and  Multlenbergia  arenacea  were  found  on  the  dissected  hills  land- 
form  unit  (A2)  and  the  alluvial  fans  (Bl,  B3)  where  soil  depth  was  generally  2  to  30  cm 
and  soil  textures  were  gravelly  clay  loam  and  gravelly  loam.  Soils  on  these  sites  had  the 
potential  to  hold  substantial  amounts  of  water  per  unit  volume;  however,  once  the  soil 
water  was  depleted,  these  soils  probably  remained  droughty  throughout  the  summer  and 
fall  growing  season.  The  surface  decimeters)  may  be  wetted  by  precipitation  during  the 
growing  season,  August  through  October;  but  surface  slope,  soil  infiltration  and  percolation 
rates,  and  high  intensity  precipitation  would  prevent  full  recharge  of  the  soil-water  reservoir 
during  this  period.  Surface  and  subsurface  soil  horizons  would  be  recharged  during  the  late 
fall  and  winter  months  by  less  intense  precipitation  events. 


Prosopis  glandidosa,  Flourensia  cerima,  Larrea  tridentata,  A  triplex  canesccns,  Opuntia 
spp.,  Rhus  aromatica,  R.  microphylla ,  Multlenbergia  Porteri,  Scleropogon  brevifolius, 
Hilaria  mutica,  and  Panicum  obtusum  occurred  on  the  lower  alluvial  fans  (B3  and  B4) 
on  the  deeper  (30  to  75  cm)  silty  clay  loam  and  clay  loam  soils  that  often  times  received 
surface  runoff  from  upper  slopes.  P.  glandulosa  was  observed  encroaching  onto  the  B3 
alluvial  fans  on  the  eastern  slopes  of  the  Franklin  Mountains,  but  only  along  the  threads 
of  the  small  drainageways.  L.  tridentata,  the  dominant  species  on  this  alluvial  fan  unit, 
occurred  at  slightly  higher  elevations  (less  than  0.3  meter)  on  coarse-texturcd,  shallow  soils 
that  formed  the  interfluves.  The  occurrence  of  these  two  species  on  this  landform  unit  and 
their  occupation  of  dissimilar  microhabitats  illustrates  their  relative  drought  tolerances  and 
water  requireme  its.  L.  tridentata  occurred  on  shallow  soils  that  had  low  soil-water  retention 
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and  P.  glandulosa  occurred  on  deeper  soils  or  on  sites  that  provided  a  greater  potential  for 
receiving  substantial  water.  P.  glandulosa  and  L  tridentata  also  occurred  together  in  limited 
areas  of  the  coppice  dune  region.  P.  glandulosa,  the  dominant  species,  occupied  the  coppice 
dunes  that  it  had  created  and  stabilized  where  soil  depth  could  be  2  meters  or  more.  L. 
tridentata  occurred  as  a  rare-to-infrequent  species  where  soil  depth  to  the  petrocalcic  horizon 
was  generally  less  than  0.5  meter.  The  sites  occupied  by  these  two  species  were  very  similar 
to  that  of  the  B3  alluvial  fan  unit.  L.  tridentata  occurred  on  the  droughtier  soils,  and  P. 
glandulosa,  on  soils  having  a  greater  soil-water  reservoir,  or  on  sites  that  could  receive  water 
from  adjacent  areas. 


The  presence  of  L.  tridentata  on  the  alluvial  fans  and  in  the  coppice  dunes  on  cal¬ 
careous  sons  where  the  petrocalcic  horizon  was  close  to  the  soil  surface  illustrates  the  rather 
wide  ecological  amplitude  of  this  shrub  and  its  association  with  calcareous  soils.  Shreve  and 
Mallery  found  L.  tridentata  on  soils  highly  impregnated  with  calcareous  materials,  but  it 
was  only  infrequently  found  or  was  absent  from  sites  where  caliche  was  absent.  They  ob¬ 
served  that  the  vigor  of  L.  tridentata  shrubs  was  inversely  related  to  the  depth  of  the  petro¬ 
calcic  horizon.s  1  Hallmark  and  Allen  concluded  from  studies  in  western  Texas  and  eastern 
New  Mexico  that  the  distribution  of  L.  tridentata  was  affected  by  the  gravel  content  and 
the  depth  of  free  calcium  carbonate.52  L.  tridentata  shrubs  were  found  on  calcareous 
soils  that  had  significant  amounts  of  gravel;  whereas,  noncalcareous  soils  low  in  gravel  tend 
to  be  devoid  of  L.  tridentata  shrubs.  These  previous  studies  and  the  findings  of  this  study 
support  the  association  of  L.  tridentata  with  gravelly,  calcareous  soils.  This  association 
was  most  commonly  observed  on  the  alluvial  fans,  but  occasionally  was  found  in  the  coppice 
dune  areas.  L.  tridentata  was  found  on  most  soil  conditions  and  land  form  units  within 
the  study  area,  which  supports  the  view  that  this  species  has  a  rather  wide  ecological  am¬ 
plitude.53 


5^F. Shrcvc,  “The  Sandy  Areas  of  the  North  American  Desert."  Year-Book  of  the  Association  of  Pacific  Coast  Geographers, 
V.  4,  1938.  pp  11-14. 

S^C.T.  Hallmark  and  B.L.  Allen.  “The  Distribution  of  Crcorotebush  in  West  Te\as  and  Eastern  New  Mexico  as  Affected  by 
selected  soil  properties.”  Soil  ScLAmer.  Proc  39:120  ,  1975. 

-3j.H,  Burk  and  W.A.  Dick-Peddic,  "Comparative  Production  of  Lama  divancata  Cav.  on  Three  Gcomorphic  Surfaces  in 
S'.uthem  New  Mexico.”  Ecology  54:1094-1102,1973. 


Flourensia  cermia  was  found  on  some  upper  alluvial  fan  units  on  very  shallow  soils. 
The  species  had  its  best  development  and  growth,  however,  on  the  silty  clay  loam,  loam,  and 
sandy  loam  soils  in  the  washes  and  on  the  B4  alluvial  fans. 


The  extrapolation  of  the  relationships  identified  in  this  study  and  described  above 
to  other  areas  is  a  matter  for  continued  investigation.  Observations  made  adjacent  to  the 
study  area  show  that  these  relationships  are  applicable  to  other  areas  where  these  species 
occur.  Problems  may  arise  when  extrapolating  these  relationships,  in  that  ecotypical  differ¬ 
entiation  within  a  dominant  species  could  change  its  tolerance  limits  and,  hence,  its  landfonn 
and  soil  relationships,  even  when  comparable  landform  units  and  soils  conditions  were  en¬ 
countered. 


The  plant  community-plant  species/landform  unit-soil  condition  relationships  de¬ 
veloped  here  point  out  the  significant  influence  of  soil  texture  and  soil  moisture  on  plant 
community  distribution.  A  plant  community  occurring  on  one  specific  landform  unit  might 
be  found  on  a  different  landform  unit  if  suitable  soil  texture  and  soil  moisture  conditions 
were  present. 
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CONCLUSIONS 


1.  The  identification  of  critical  plant  species  and  the  identification  and  description  of 
22  plant  communities  from  phytosociological  data  collected  at  294  sample  sites  were  readily 
accomplished  using  a  computerized  version  of  the  Tabular  Comparison  Method. 


2.  The  Tabular  Comparison  Method  and  analytical  procedures  were  compatible  with  the 
aerial  photography  interpretation  procedures  for  locating,  sampling,  and  describing  potential 
plant  communities.  The  plant  communities  described  from  the  phytosociologicil  data  were 
mappable  on  the  1:50,000  scale  panchromatic  aerial  photography  using  the  photo  tones 
and  textures  associated  with  the  plant  communities. 

3.  The  plant  communities  inferred  from  interpretation  of  photo  tones  and  textures  required 
ground  truth  data  to  identify  between  dominant  and  associated  species. 

4.  The  distribution  of  plant  communities  was  found  to  be  closely  related  to  the  soil  and 
terrain  conditions  of  the  different  landform  units.  The  five  major  plant  communities  that 
covered  94  percent  of  the  study  area  and  associated  with  five  landform  units  that  accounted 
for  80  percent  of  the  landforms  in  the  study  area  were  identified.  The  associations  were: 

a.  Mesa  (Al)  with  the  Grassland  community  (10A)  Bouteloua  criopoda  -  Bouteloua 
curiipendula. 

b.  The  limestone  and  shale  member  of  the  highly  dissected  hills  (A2)  with  the  Bouteloua 
curiipendula  -  Parthenium  incanum  community  ( 1 6). 

c.  The  upper  and  intermediate  alluvial  fans  (Bl,  B2,  B3)  with  the  Larrea  tridentata 
(20)  and  Larrea  tridentata  -  Grass  (21)  communities. 

d.  The  speckled  sand  dunes  (coppice  dunes)  (Cl)  with  the  Prosopis  glandulosa  - 
Atriplex  canescens  -  Xanthocephalum  Sarothrac  -  Sporobolus  spp.  community 
(50). 

e.  The  dark-toned  sand  dunes  (C2)  with  the  Artemisia  filifolia  -  Sporobolus  spp. 
community  (60). 


Illlllllillilll  . . . . 


5.  The  22  plant  communities  were  commonly  associated  with  certain  soil  conditions: 

a.  Sandy  textured  soils,  more  than  30  cm  deep. 

b.  Clay,  clay  loam,  loam,  gravelly  loam,  and  gravelly  clay  loam  textured  soils  less  than 
5  cm  deep. 

c.  Clay  loam,  clay,  sandy  clay,  and  sandy  clay  loam  textured  soils  1 5  to  30  cm  deep. 

d.  Clay  loam,  silty  clay  loam,  clay,  and  sandy  clay  textured  soils  more  than  30  cm  deep. 


6.  Soil  moisture  constants  for  the  0.33  and  1 5  bar  potentials  were  inversely  correlated  with 
the  percent  sand  of  the  soil  samples  and  directly  correlated  with  the  percent  clay  of  the 
soil  samples. 


7.  The  upper  and  lower  limits  of  plant-available  soil  water,  field  capacity  and  wilting  point, 
respectively,  were  related  to  the  percent  sand  plus  the  percent  clay  of  the  soil  samples  by  the 
following  multiple  regression  equations  that  had  multiple  R  coefficients  of  0.96  and 
0.93  respectively: 

FC  =  25.51  -  (0.27  •  sand)  +  (0.10  •  clay) 

WP  =  10.04  -  (0.1 1  -  sand)  +  (0.!  1  •  clay) 
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APPENDIX  A 

Location  of  Sample  Sites  at  Fort  Bliss  and  Adjacent  Areas. 


SITE 

TOPOGRAPHIC 

GRID 

PHOTO 

PHOTO 

NUMBER 

SHEET  NUMBER 

COORDINATES 

MOSAIC 

NUMBER 

1 

4747-4 

638368 

1 

137 

Z 

4748-2 

968470 

1 

75 

5 

4748-2 

96  847b 

1 

75 

4 

4748-2 

987445 

1 

101 

5 

4748-2 

987445 

1 

103 

6 

4748-2 

972410 

1 

103 

7 

4748-2 

972410 

1 

103 

8 

4749-2 

56993 

3 

313 

9 

4749-2 

56993 

3 

313 

lb 

4849-3 

66991 

3 

313 

11 

4849-3 

66991 

3 

313 

12 

4849-3 

78975 

3 

313 

13 

4849-3 

83975 

3 

313 

14 

4849-? 

80978 

3 

313 

15 

4849-3 

121995 

3 

293 

16 

4649-3 

117993 

3 

293 

17 

4849-3 

135971 

3 

293 

18 

4849-3 

220003 

3 

274 

19 

4849-3 

22000* 

3 

274 

PC 

4848-4 

155955 

3 

293 

21 

4848-4 

155956 

3 

293 

22 

4848-4 

217941 

3 

272 

23 

4748-1 

990835 

3 

12 

24 

4748-1 

990825 

3 

12 

25 

4748-1 

994828 

3 

12 

26 

4748-1 

8835 

3 

12 

27 

4748-1 

8835 

3 

12 

28 

4748-1 

27835 

3 

12 

29 

4748-1 

27835 

3 

12 

30 

4848-4 

64898 

3 

295 

31 

4848-4 

64898 

3 

295 

32 

4748-1 

57905 

3 

295 

33 

4848-4 

132927 

3 

311 

34 

4’848-4 

132927 

3 

295 

35 

4848-1 

113916 

3 

295 

36 

4748-1 

995794 

3 

12 

37 

4748-1 

995794 

3 

12 

38 

4748-1 

15788 

3 

12 

39 

474 8-1 

23792 

3 

12 

40 

4748-1 

23792 

3 

12 

41 

4848-4 

67823 

3 

12 

42 

4048-4 

6782b 

3 

12 

43 

4348-4 

67820 

3 

12 

44 

4848-4 

83827 

3 

309 

45 

4848-4 

125802 

3 

309 

46 

4848-4 

123802 

3 

309 

47 

4848-4 

139795 

3 

297 

48 

4848-4 

139795 

3 

297 

49 

4848-4 

161751 

3 

299 

50 

4848-4 

152736 

3 

299 
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APPENDIX  A.  (continuted) 

Location  of  Sample  Sites  at  Fort  Bliss  and  Adjacent  Areas. 


SITE 

TOPOGRAPHIC 

GRID 

PHOTO 

PHOTO 

NUMBER 

SHEET  NUMBER 

COORDINATES 

MOSAIC 

NUMBER 

51 

*748-3 

780501 

2 

89 

5? 

4748-3 

780501 

2 

89 

53 

4748-3 

775520 

2 

89 

54 

4748-3 

774518 

2 

89 

55 

4748-3 

718562 

2 

89 

56 

4748-3 

70  9578 

2 

89 

57 

4748-3 

709578 

2 

89 

58 

4748-3 

687504 

1 

80 

59 

4748-3 

688505 

1 

80 

60 

4748-3 

685501 

1 

80 

61 

4748-3 

685501 

1 

80 

62 

4748-3 

683502 

1 

80 

63 

4748-3 

683502 

1 

80 

64 

4748-3 

68  2503 

1 

80 

65 

4748-3 

683532 

1 

80 

66 

4748-3 

657558 

1 

40 

67 

4748-3 

660577 

1 

40 

68 

4748-3 

660577 

1 

23 

69 

4748-3 

658631 

1 

23 

7n 

4647-1 

55028a 

1 

140 

71 

4647-1 

550280 

1 

140 

72 

4748-2 

4553 

3 

18 

73 

4748-2 

2553 

3 

18 

74 

4748-2 

9S6ccu 

3 

23 

75 

474  8-2 

967597 

3 

23 

76 

4748-2 

984556 

3 

21 

77 

4748-2 

984556 

3 

21 

78 

4748-3 

815491 

1 

▼8 

79 

4748-3 

815491 

1 

78 

60 

4748-3 

818491 

1 

78 

81 

4748-3 

818491 

1 

78 

8? 

4748-2 

15527 

3 

18 

83 

4748-1 

907719 

3 

6C 

64 

4748-1 

90  8718 

3 

60 

85 

4747-1 

10262 

1 

130 

86 

4747-1 

48294 

1 

130 

87 

4848-3 

▼3582 

3 

3«5 

88 

4848-3 

73582 

3 

305 

89 

4848-3 

92645 

3 

306 

90 

4848-3 

92646 

3 

306 

91 

4848-3 

148593 

3 

301 

92 

4848-3 

14859’ 

3 

301 

93 

4748-2 

2  8626 

3 

315 

94 

4746-2 

2  8627 

3 

315 

95 

4848-4 

66780 

3 

309 

9* 

4848-4 

66783 

3 

309 

97 

4848-4 

120730 

3 

309 

98 

4848-4 

135705 

3 

309 

99 

4848-4 

135706 

3 

309 

160 

4848-4 

131709 

3 

309 

APPENDIX  A.  (continuted) 

Location  of  Sample  Sites  at  Fort  Bliss  and  Adjacent  Areas. 

sjlfp  I2p0JRiPHIC  GRI°  PH0T0  photo 
NUMBER  oHtrt  NUMBER  COORDINATES  MOSAIC  NUMBER 


4848-4 

4747-1 

4747-1 

4747-1 

4747- 1 

4748- 2 

474  8-2 
4748-2 

4748- 2 

4747- 4 
4648-2 
4648-2 
4648-2 

4648- 2 

4749- i 
4749-1 
4749-2 
4749-2 

4748- 2 

4747- 2 

4649- 3 
<4848-4 

4748- 1 
4849-3 

4848- 4 

4849- 3 
4748-2 
4849-3 
4849-3 
4748-2 
4748-2 
4748-2 
4748-2 
4748-2 
4748-2 
4648-2 
4648-2 
4648-2 
4648-2 
4648-2 
4648-2 
4849-3 
4849-3 
4849-3 
4849-3 
4849-3 
4849-3 
4849-3 
4849-3 
4849-3 


131709 
824403 
824493 
86  3407 
863407 
857437 
856588 
853552 
853552 
614327 
555590 
530606 
523642 
502645 
2964 
975972 
962975 
952929 
911646 
46835 
68155 
149849 
35798 
25  90  9  8 
164812 
276"68 
25463 
265011 
219025 
683503 
682503 
683503 

6879J3 

687503 

687503 

558567 

559567 

559567 

559567 

525524 

52*5524 

233008 

233008 

194995 

194995 

160982 

160982 

160982 

134972 

134972 


30  9 
101 
101 
101 
101 
101 
42 
42 
42 
138 
38 

25 

26 
26 
30 
30 
30 
30 
58 
11 

316 

310 

13 

275 

3ir 

275 

73 

273 
373 

40 

40 

40 

40 

40 

40 

154 

154 

154 

154 

154 

154 

274 
274 
274 
274 
293 
293 
293 
293 

9  01* 
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APPENDIX  A.  (continuted) 

Location  of  Sample  Sites  at  Fort  Bliss  and  Adjacent  Areas. 


SITE 

NUMBER 


TOPOGRAPHIC 
SHEET  NUMBER 

4849-3 

4849-3 

4849-3 

4848-3 

4748- 3 

4748-3 

4748-3 

4748-3 

<*748-1 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4748-4 

4748-3 

474  8-3 

4748-3 

4748-3 

4748-3 

4748-3 

4748-2 

4748-2 

4748-3 

4748-3 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4648-4 

4848-4 

4848-4 

4848-4 

4848-4 

4848-4 

4848-3 

4848-3 

4848-3 


GRID 

PHOTO 

PHOTO 

COORDINATES 

MOSAIC 

NUMBER 

134972 

3 

293 

879 77 

3 

312 

879 7? 

3 

312 

100615 

3 

303 

777502 

1 

78 

777502 

1 

78 

7  885ft7 

1 

78 

788507 

1 

78 

994827 

3 

27 

98762 

3 

309 

98762 

3 

309 

98762 

3 

309 

12  9721 

3 

299 

129721 

3 

299 

115726 

3 

299 

584432 

1 

97 

582433 

1 

97 

613445 

1 

97 

613445 

1 

97 

613445 

1 

97 

763417 

1 

99 

763417 

1 

99 

862437 

1 

75 

864545 

1 

42 

604431 

1 

138 

604431 

1 

138 

102852 

3 

310 

119854 

3 

310 

12  385*5 

3 

310 

12385!* 

3 

310 

124846 

3 

310 

117949 

3 

310 

103849 

3 

310 

103849 

3 

310 

101849 

3 

310 

103841 

3 

310 

122813 

3 

310 

122814 

3 

310 

136825 

3 

297 

144822 

3 

2  97 

144824 

3 

297 

139825 

3 

297 

118815 

3 

297 

144856 

3 

297 

146856 

3 

297 

133863 

3 

310 

133852 

3 

297 

102610 

3 

306 

102609 

3 

306 

104610 

3 

305 
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APPENDIX  A.  (continuted) 

Location  of  Sample  Sites  at  Fort  Bliss  and  Adjacent  Areas. 


SITE 

TOPOGRAPHIC 

GRID 

PHOTO 

PHOTO 

NUMBER 

SHEET  NUMBER 

COORDINATES 

MOSAIC 

Ht’HBER 

2"i 

4848-3 

105609 

3 

305 

202 

4848-3 

130668 

3 

306 

203 

4848-3 

130668 

3 

306 

204 

4848-3 

132583 

3 

306 

205 

4848-3 

137569 

3 

301 

206 

4848-3 

151586 

3 

301 

207 

4848-3 

155590 

3 

301 

2C8 

4848-3 

14  65  88 

3 

301 

2u9 

4748-1 

977875 

3 

28 

210 

4748-1 

976876 

3 

28 

211 

4748-1 

976876 

3 

28 

212 

4748-1 

967881 

3 

28 

213 

4748-2 

867479 

3 

54 

21  4 

4748-2 

853452 

3 

54 

215 

4748-2 

883443 

3 

94 

216 

4748-2 

893463 

3 

54 

217 

474  8-2 

86 8458 

3 

54 

218 

4747-1 

96  8382 

3 

1"4 

219 

4747-1 

968382 

3 

1P4 

220 

47U7-1 

968378 

3 

104 

221 

4848-7 

72576 

3 

306 

222 

4848-3 

98599 

3 

306 

223 

4848-3 

98599 

3 

306 

224 

4848-3 

145667 

j 

299 

225 

4848-3 

146668 

3 

299 

226 

4848-3 

14  8668 

3 

299 

4848-3 

14  8668 

3 

299 

?28 

4848-3 

140660 

3 

299 

229 

4848-3 

148669 

3 

2  99 

230 

4848-3 

149669 

3 

299 

231 

4848-3 

150671 

3 

299 

232 

4848-3 

149671 

3 

299 

233 

4848-3 

146670 

3 

2  99 

234 

4848-3 

146670 

3 

299 

235 

4848-3 

132585 

3 

306 

236 

4848-3 

133585 

3 

3°6 

237 

4848-3 

134583 

3 

306 

238 

4848-3 

147615 

3 

301 

239 

4848-3 

152623 

3 

301 

240 

4848-4 

117711 

3 

308 

241 

4749-2 

9897  81 

3 

25 

242 

4749-2 

995771 

3 

25 

243 

4749-2 

45851 

3 

310 

244 

4749-2 

43851 

3 

310 

245 

4749-2 

54859 

3 

10 

246 

4749-2 

46899 

3 

10 

247 

4848-4 

81906 

3 

310 

248 

4848-4 

166906 

3 

295 

249 

4848-3 

101610 

3 

306 

250 

4848-3 

10461U 

3 

3"5 
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APPENDIX  A.  (continuted) 

Location  of  Sample  Sites  at  Fort  Bliss  and  Adjacent  Areas. 


SITE 

TOPOGRAPHIC 

GRID 

PHOTO 

PHOTO 

NUMBER 

SHEET  NUMBER 

COORDINATES 

MOSAIC 

NUMBER 

251 

4848-3 

105616 

3 

306 

252 

4848-3 

114659 

3 

306 

253 

4848-3 

141563 

3 

301 

254 

4348-3 

147566 

3 

301 

255 

4848-3 

135586 

3 

306 

256 

4848-3 

135587 

3 

306 

257 

4648-3 

13658T 

3 

306 

258 

4847-4 

94335 

1 

129 

259 

4849-3 

72082 

3 

314 

2b  0 

4748-2 

25469 

3 

19 

261 

4848-3 

62444 

3 

19 

262 

4748-2 

39524 

3 

18 

263 

4848-3 

6  8513 

1 

73 

264 

4848-3 

136c05 

3 

304 

265 

4748-2 

916574 

1 

44 

266 

4748-2 

947594 

1 

44 

267 

4748-2 

22653 

1 

16 

268 

4748-1 

12693 

1 

16 

269 

4849-3 

127005 

3 

313 

270 

4849-3 

198063 

3 

292 

271 

4849-3 

180177 

3 

292 

272 

4849-3 

197101 

3 

292 

273 

4849-3 

165113 

3 

291 

274 

4748-1 

828775 

3 

49 

275 

474  8-1 

823773 

3 

49 

276 

4749—3 

58077 

3 

315 

277 

4849-3 

72082 

3 

314 

278 

4849-3 

113104 

3 

291 

27  9 

4849-3 

84084 

■» 

315 

280 

4849-2 

92028 

3 

313 

281 

4849-3 

84019 

3 

313 

282 

4848-4 

193734 

3 

299 

283 

4848-4 

118693 

3 

308 

284 

4848-4 

205746 

3 

298 

285 

4848-4 

257714 

3 

268 

286 

4848-4 

258715 

3 

268 

287 

4848-4 

719267 

3 

268 

288 

4848-4 

284749 

3 

268 

289 

4747-1 

957286 

1 

132 

290 

4848-4 

234932 

3 

271 

291 

4848-4 

20  8824 

3 

296 

292 

4848-4 

289885 

3 

271 

293 

4748-1 

18855 

3 

27 

294 

4748-4 

28884 

3 

11 

295 

4748-4 

36^24 

3 

12 

296 

4848-3 

87517 

1 

304 

29? 

4847-4 

157213 

1 

166 

298 

4849-3 

193063 

7 

291 

299 

4748-1 

994827 

3 

27 

302 

4649-3 

1270"5 

3 

313 
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APPENDIX  A.  (conlinuted) 

Location  of  Sample  Sites  at  Fort  Bliss  and  Adjacent  Areas. 

SUE  TOPOGRAPHIC  GRID  PHOTO  PHOTO 

NUMBER  SHEET  NUMBER  COORDINATES  MOSAIC  NUMBER 

303  *849-**  87977  3  312 

304  4848-3  8751?  1  304 
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PARTICLE  SIZE  ANALYSIS  OF  SOIL  SAMPLES. 
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PARTICLE  SIZE  ANALYSIS  OF  SOIL  SAMPLES. 
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PARTICLE  SIZE  ANALYSIS  OF  SOIL  SAMPLES. 
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Soft  Summary  for  Landform  Al. 
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APPENDIX  C.  (Continued) 

Soil  Summary  for  Landform  A2. 
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APPENDIX  C.  (Continued) 
Soil  Summary  for  Landform  Bl. 
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APPENDIX  C.  (Continued) 
Soil  Summary  for  Landform  B3. 
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APPENDIX  C.  (Continued) 
Soil  Summary  for  Landform  B4. 


APPENDIX  C.  (Continued) 
Soil  Summary  for  Landform  B5. 
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APPENDIX  C.  (Continued) 
Soil  Summary  for  Landform  C2 
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APPENDIX  C.  (Continued) 
Soif  Summary  for  Landform  C4. 
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Soil  Summary  for  Landform  D. 
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APPENDIX  D.  (Continued) 

Phytosociological  Data  Sequentially  Listed  by  Quadrant  Number. 
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APPENDIX  D.  (Continued) 

Phytosociological  Data  Sequentially  Listed  by  Quadrant  Number. 
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APPENDIX  E.  (Continued) 
Phytosociological  Data  Arranged  by  Plant  Community. 


o  4 
o  a 

^  CM  in 


O  (M 
O  i 

■t  ca  t 


o  j- 
O  .*■ 

^  CM  .» 


o 

o  -J 

j  nj  ,» 


O  lf> 

O  (\J 

.t  W 

O  N. 

O  <\J 

■t  to 


D  O 
O  <\i 

w  m  m 


o  e 

o  o 

«»Tl  ^ 

a  «0 

O  3 

4H  -» 


fc>  <M 
in  f- 
h  in 


J  u)  X  UJ  ft- 

i  o  4  o  -i  a 

:  cc  t-  u>  a.  c 

tu.  <  JW 

U  *Z  I 

S  in  jhhj 
*4  tnac  » 
£w44  zu. 

lOfrHjjHJ 

■WU-03C3C 

1WI«  031 
(>-0.3  JOC 
JQUluikk  3 


X 

3  o 

z  _>  « 

<  5  -f 

0  0  4-1 

X  X 

|H«H  J 
i  -i  >-  a 
,  x  o  <  o 
»  3  r  fr 

M  VJ  oo 

1ZHKH 

-  X  o 

>  a:  o  3  3 
L«ZZZ 
)Oiza 


Ui  O 

a<a 

ft-*®  4 
l>OW 

§OL 
_J  Z3  4 
kJOft- 
<»•<<< 
rinxut 
<r  a.  o  « 

a.  o;  u  c  ii 
iA  u  O 
U»M  X  4  « 
j3kCC 

woxut 
x  mo  : 

*-  »  X  V  3 


[  Cr  K  jh 
H3  X  O 

oioqt 

>  u 

}  W<lflO 
JHHDZ 
j  or  ex  x  UJ 
-  04  3  -J 
)JJOZ 
J  X  M  >  3 
1UZ  JC 


O  O  ffi  o  < 
OfOtOUl 
Ui  J  o 
(C  ffl  I  £L  * 
X  X  3  Oft- 
UlUlUQ'C 
J  JHU< 
I  X  Z  Jt 

3  3  4  O  L 

zzowi 


3  ft**  X 
u  -4  0£ 
-ft-  O 
EX  U. 

*  It  MW 
3  M  J  D 
iaui<u 
JZJOH 

o  t 
0W2IU3 
J3MZt 
J  JttI 

300  OW 

D  03  «■.  Z 

3  O  4  X  UJ 

toouo 
3  O  MM  M 
t  a  m  a  or 
n  w  w  ft  m 


•  onto  MfjON  t!M  t<  N.  o 

•  o  *  * . . 

nuioeci  ‘ICHoWWWNM 

OKC  M  MtU  M 


JoNKei5iilK40'KON*>C'«O«otf'in»(4*(»'Tiin®niHff>4OC#»iKNOO0'ninTl 


1  -  '*  *  V  ’■  1  "•  ‘  ‘4 


APPENDIX  F 

Summary  of  Phy tosociological  Data  by  Plant  Community. 

PLANT  COMMUNITY:  Grassland  (summary  of  all  grassland  communities) 
MAP  SYMBOL:  10 


11 

65 

87 

158 

198 

217 

249 

265 

285 

47 

74 

92 

173 

200 

223 

250 

266 

288 

55 

78 

107 

174 

206 

238 

261 

271 

289 

57 

79 

110 

179 

208 

239 

262 

277 

290 

64 

84 

132 

189 

213 

240 

263 

281 

291 

_ SPECIES 

Shrubs 

Acacia  constricta 
Artemisia  fill  folia 
Atriplex  canescens 
Berberis  trifoliolata 
Da lea  formosa 
Dasylirion  Wheel eri 
Dyssodia  acerosa 
Ephedra  sp. 

Eurotia  lanata 
Flourensia  cernua 
Fouquieria  splendens 
Koeberlinia  spinosa 
Krameria  glandulosa 
Larrea  tridentata 
Nolina  sp. 

Opuntia  spp. 
Parthenium  incanum 
Prosopis  glandulosa 


NO.  OF  COVER 

QUADRANTS  CLASS 


ABSOLUTE 

FREQUENCY 


6.25 

12.5 

18.75 

12.5 

14.6 

4.2 

8.3 
31.2 

6.2 

8.3 
10.4 

6.2 

6.2 

31.2 

6.3 

16.7 
14.6 
25.0 


RELATIVE 

FREQUENCY 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 


SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 
FREQUENCY  F 

Rhus  aromatica 

1 

+ 

2.1 

Rhus  microphylla 

1 

+ 

2.1 

Viguiera  stenoloba 

3 

1 

6.2 

Xanthocephalum  Sarothrae 

19 

1 

39.6 

Yucca  baccata 

2 

2 

4.2 

Yucca  elata 

19 

R 

39.6 

Yucca  Torreyi 

4 

+ 

8.3 

Grasses 

Aristida  sp. 

3 

R 

6.2 

Bouteloua  curtipendula 

13 

2 

27.1 

Bouteloua  eriopoda 

13 

2 

27.1 

Bouteloua  gracilis 

4 

2 

8.3 

Bouteloua  hirsuta 

4 

1 

8.3 

Chi  oris  virgata 

1 

R 

2.1 

Hi  lari  a  mutica 

13 

3 

27.1 

Muhlenbergia  arenacea 

4 

R 

8.3 

Muhlenbergia  seti folia 

3 

1 

6.2 

Panicum  obtusum 

1 

2 

2.1 

Scleropogon  brevifolius 

7 

2 

14.6 

Setaria  macrostachya 

1 

R 

2.1 

Sporobolus  contractus 

1 

1 

2.1 

Sporobolus  cryptandrus 

20 

2 

40.0 

Sporobolus  flexuosus 

2 

R 

4.2 

Sporobolus  giganteus 

1 

4 

2.1 

Sporobolus  Wrightii 

5 

+ 

10.4 

Tridens  muticus 


6 


1 


12.5 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 
PLANT  COMMUNITY:  Bouteloua  eriopoda  -  Bouteloua  curtipendula 

COMMUNITY  SYMBOL:  10a 


QUADRANTS:  189  200 

208  250 

261 

285  290 

296 

SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

Acacia  constricts 

1 

+ 

12.5 

1.9 

Berberi s  trifoliolata 

3 

R 

37.5 

5.8 

Dasylirion  Wheeleri 

1 

+ 

12.5 

1.9 

Ephedra  sp. 

1 

R 

12.5 

1.9 

Eurotia  lanata 

3 

R 

37.5 

5.8 

Flourensia  cernua 

1 

R 

12.5 

1.9 

Krameria  glandulosa 

1 

2 

12.5 

1.9 

Larrea  tridentata 

3 

R 

37.5 

5.8 

Opuntia  spp. 

1 

R 

12.5 

1.9 

Parthenium  incanum 

2 

R 

25.0 

3.8 

Prosopis  glandulosa 

2 

+ 

25.0 

3.8 

Viguiera  stenoloba 

1 

1 

12.5 

1.9 

Xanthocephalum  Sarothrae 

2 

R 

25.0 

3.8 

Yucca  baccata 

1 

1 

12.5 

1.9 

Yucca  elata 

4 

R 

50.0 

7.7 

Grasses 

Aristida  sp. 

1 

R 

12.5 

1.9 

Bouteloua  curtipendula 

3 

2 

37.5 

5.8 

Bouteloua  eriopoda 

8 

3 

100.0 

15.4 

Bouteloua  gracilis 

2 

2 

25.0 

3.8 

Bouteloua  hirsuta 

3 

1 

37.5 

5.8 

Hi  lari  a  mutica 

1 

1 

12.5 

1.9 

181 


APPENDIX  F.  (Continued) 

Summary  of  Phy tosociological  Data  by  Plant  Community. 


SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Muhlenbergia  arenacea 

1 

R 

12.5 

1.9 

Muhlenbergia  seti folia 

1 

1 

12.5 

1.9 

Sporobolus  cryptandrus 

1 

R 

12.5 

1.9 

Sporobolus  flexuosus 

1 

R 

12.5 

1.9 

Sporobolus  Wrightii 

2 

+ 

25.0 

3.8 

Tridens  muticus 

1 

1 

12.5 

1.9 

182 
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APPENDIX  F.  (Continued) 

Summary  of  Phy tosociological  Data  by  Plant  Community. 

PLANT  COMMUNITY:  Bouteloua  curtipendula  -  Bouteloua  uniflora 

COMMUNITY  SYMBOL:  10b 

QUADRANTS:  92  110  198  206  249  262  263  289 


SPECIES 


Shrubs 


NO.  OF 
QUADRANTS 


COVFR 

CLASS 


ABSOLUTE 

FREQUENCY 


291 


297 


RELATIVE 

FREQUENCY 


Acacia  constricta 

1 

+ 

10.0 

1.3 

Artemisia  filifolia 

1 

+ 

10.0 

1.3 

Atrip! ex  canescens 

1 

R 

10.0 

1.3 

Berberis  trifoliolata 

3 

r 

30.0 

3.9 

Dalea  formosa 

3 

1 

30.0 

3.9 

Dasylirion  Wheel eri 

1 

+ 

10.0 

1.3 

Dyssodia  acerosa 

4 

1 

40.0 

5.3 

Ephedra  sp. 

4 

1 

40.0 

5.3 

Fouquieria  splendens 

3 

R 

30.0 

3.9 

Koeberlinia  spinosa 

1 

+ 

10.0 

1.3 

Krameria  glandulosa 

2 

2 

20.0 

2.6 

Larrea  tridentata 

6 

4- 

60.0 

7.9 

Nolina  sp. 

3 

l 

30.0 

3.9 

Opuntia  spp. 

3 

l 

30.0 

3.9 

Parthenium  incanum 

4 

R 

40.0 

5.3 

Prosopis  glandulosa 

1 

+ 

10.0 

1.3 

Rhus  microphylla 

1 

J. 

10.0 

1.3 

Viguiera  stenoloba 

2 

1 

20.0 

2.6 

Xanthocephalum  Sarothrae 

3 

1 

30.0 

3.9 

Yucca  baccata 

1 

2 

10.0 

1.3 

Yucca  Torreyi 

3 

+ 

30.0 

3.9 

183 


APPENDIX  F.  (Continued) 

Summary  of  Phy tosociologieal  Data  by  Plant  Community. 


SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Grasses 

Aristida  sp. 

2 

+ 

20.0 

2.6 

Bouteloua  curtipendula 

9 

3 

90.0 

11.8 

Bouteloua  eriopoda 

3 

1 

30.0 

3.9 

Bouteloua  gracilis 

1 

2 

10.0 

1.3 

Bouteloua  hirsuta 

1 

■r 

10.0 

1.3 

Muhlenbergia  arenacea 

1 

1 

10.0 

1.3 

Muhlenbergia  setifolia 

2 

1 

20.0 

2.6 

Sporobolus  cryptandrus 

1 

1 

10.0 

1.3 

Sporobolus  flexuosus 

1 

+ 

10. 0 

1.3 

Sporobolus  Wrightii 

1 

-t- 

10.0 

1.3 

Tridens  muticus 

3 

R 

30.0 

3.9 

APPENDJX  F.  (Continued) 

Summary  of  Phytosoeiological  Data  by  Plant  Community. 


PLANT  COMMUNITY:  Scleropogon  brevifolius  -  Hi  lari  a  mutica 
COMMUNITY  SYMBOL:  10c 

QUADRANTS:  47  223  239  240  265  266  277  281  288  304 

87  238 

noTof  COVER  ABSOLUTE  relative' 
_ SPECIES  _ QUADRANTS  CLASS  FREQUENCY  FREQUENCY 


Shrubs 

Acacia  constricta  1 

Atriplex  canescens  1 

Flourensia  cernua  1 

Koeberlinia  spinosa  2 

Larrea  tridentata  3 

Opuntia  spp.  4 

Parthenium  incanum  1 

Prosopis  glandulosa  1 

Rhus  aromatica  1 

Xanthocephalum  Sarothrae  1 

Yucca  elata  2 

Grasses 

Bouteloua  eriopoda  1 

Bouteloua  gracilis  1 

Hi  lari  a  mutica  12 

Muhlenbergia  arenacea  1 

Panicum  obtusum  1 

Scleropogon  brevifolius  7 

Sporobolus  Wrightii  1 


R 

8.3 

2.4 

+ 

8.3 

2.4 

+ 

8.3 

2.4 

+ 

16.7 

4.8 

R 

25.0 

7.1 

R 

33.3 

9.5 

+ 

8.3 

2.4 

R 

8.3 

2.4 

+ 

8.3 

2.4 

R 

8. 3 

2.4 

1 

16.7 

4.3 

2 

8.3 

2.4 

1 

8.3 

2.4 

3 

100.0 

28.5 

R 

CO 

<0 

2.4 

2 

8.3 

2.4 

2 

58.3 

16.7 

2 

8.3 

2.4 

185 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 

PLANT  COMMUNITY:  Sporobolus  cryptandrus  -  Sporobolus  flexuosus 
COMMUNITY  SYMBOL :  lOd 


QUADRANTS:  11  57  65 

55  64  74 

78  84 

79  107 

132 

158 

173  213 

174  217 

271  295 

SPECIES 

NO.  OF 
QUADRANTS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

Artemisia  fili folia 

5 

R 

22.8 

6.1 

Atriplex  canescens 

7 

R 

38.9 

8.5 

Dalea  formosa 

4 

1 

22.2 

4.9 

Ephedra  sp. 

10 

1 

55.6 

12.2 

Flourensia  cernua 

1 

R 

5.6 

1.2 

Larrea  tridentata 

2 

R 

11.1 

2.4 

Prosopis  glandulosa 

7 

R 

38.9 

8.5 

Xanthocephalum  Sarothrae 

13 

1 

72.2 

15.9 

Yucca  elata 

8 

1 

44.4 

5.8 

Yucca  Torreyi 

1 

1 

5.6 

1.2 

Grasses 

Bouteloua  curtipendula 

I 

2 

5.6 

1.2 

Bouteloua  eriopoda 

1 

1 

5.6 

1.2 

Chi oris  virgata 

1 

R 

5.6 

1.2 

Setaria  macrostachya 

1 

R 

5.6 

1.2 

Sporobolus  contractus 

1 

i 

5.6 

1.2 

Sporobolus  cryptandrus 

IS 

2 

100.0 

22.0 

Tridens  muncus 


1 


5.5 


1.2 


APPENDIX  F.  (Continued) 

PI  amt  rnMMiiMTTvSUITary  of  P,»y' tosociologica!  Data  by  Plant  Community. 
PLANT  COMMUNITY:  Grass  -  Larrea  tridentata 

MAP  SYMBOL:  11 

QUADRANTS:  86  98  191  201  202  236  251  252 


SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

frequency 

RELATIVE 

FREQUENCY 

Shrubs 

Acacia  constricts 

1 

2 

9.1 

1.1 

Artemisia  f i 1 i folia 

1 

0 
f  \ 

9.1 

1.1 

Dalea  formosa 

3 

2 

27.3 

3.4 

Dyssodia  acerosa 

6 

R 

54.5 

6.8 

Ephedra  sp. 

1 

R 

9.1 

i.l 

Eurotia  lanata 

2 

+ 

18.2 

2.3 

Flourensia  cernua 

2 

R 

18.2 

2.3 

Fouquieria  splendens 

1 

+ 

9.1 

1.1 

Krameria  glandulosa 

1 

+ 

9.1 

1.1 

Larrea  tridentata 

11 

2 

100.0 

12.5 

Opuntia  spp. 

3 

R 

27.3 

3.4 

Prosopis  glandulosa 

2 

R 

18.2 

2.3 

Xanthocephalum  Sarothrae 

9 

1 

81.8 

10.2 

Yucca  baccata 

1 

1 

9.1 

1.1 

Yucca  elata 

3 

+ 

27.3 

3.4 

Yucca  Torreyi 

3 

R 

27.3 

3.4 

Grasses 

Aristida  sp. 

2 

R 

18.2 

2.3 

Bouteloua  curtipendula 

5 

2 

45.5 

5.6 

Bouteloua  eriopoda 

8 

2 

72.7 

9  ** 

Bouteloua  gracilis 

4 

2 

36.4 

4.5 

Bouteloua  hirsuta 

2 

1 

18.2 

2.3 

APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 


SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

AESOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Hi! aria  •nutica. 

1 

a 

9.1 

1.1 

Huhlertbergia  arenacea 

2 

2 

18.2 

2.3 

Muhlenbergia  Portari 

2 

1 

18.2 

2.3 

Muhlenbergia  seti folia 

1 

2 

9.1 

1.1 

Scleropogon  brevifclii's 

2 

2 

18.2 

2.3 

Setaria  macrostachya 

1 

R 

9.1 

1.1 

Soorobolus  contractus 

t 

+ 

9.1 

1.1 

SpOrobolus  cryptandrus 

2 

R 

18.2 

2.3 

Sporobolus  Wrightii 

2 

1 

13.2 

2.3 

Stipa  Pringlei 

1 

9.1 

1.* 

Tridens  muticus 

2 

1 

18.2 

2.4 

Grass  spp. 

1 

R 

9.1 

1.1 

188 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociologicai  Data  by  Plant  Community. 

PLANT  COMMUNITY:  Grass  -  Flourensia  cernua 
MAP  SYMBOL:  12 


QUADRANTS:  15  22  85 

96  101 

183 

221 

SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

Atriplex  canescens 

2 

R 

28.6 

6.5 

Flourensia  cernua 

7 

2  ' 

100.0 

22.6 

Larrea  tridentata 

4 

R 

57.1 

12.9 

Opuntia  spp. 

3 

R 

42.9 

9.7 

Prosopis  glandulosa 

1 

R 

14.3 

3.2 

Rhus  microphylla 

1 

R 

14.3 

3.2 

Grasses 

Hi  lari a  mutica 

7 

3 

100.0 

22.6 

Muhlenbergia  arenacea 

1 

1 

14.3 

3.2 

Muhlenbergia  Porteri 

1 

3 

14.3 

3.2 

Scleropogon  brevifolius 

4 

2 

57.1 

12.9 

189 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 
PLANT  COMMUNITY:  Grass  -  Acacia  constricta 

MAP  SYMBOL:  13 

QUADRANTS:  89  187  195  204 


SPECIES 

NO.  OF 
QUADRANTS 

Winn! 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

Acacia  constricta 

4 

i 

100.0 

10.5 

Atriplex  canescens 

1 

R 

25.0 

2.6 

Berberis  trifoliolata 

1 

+ 

25.0 

2.6 

Da lea  formosa 

1 

2 

25.0 

2.6 

Dyssodia  acerosa 

4 

1 

100.0 

10.5 

Ephedra  sp. 

3 

R 

75. C 

7.9 

Flourensia  cernua 

1 

R 

25.0 

2.6 

Koeberlinia  spinosa 

1 

T 

25.0 

2.6 

Krameria  glandulosa 

1 

R 

25.0 

2.6 

Larrea  tridentata 

2 

1 

50.0 

5.3 

Opuntia  spp. 

3 

R 

75.0 

7.9 

Parthenium  incanum 

2 

R 

50.0 

5.3 

Prosopis  glandulosa 

1 

4- 

25.0 

2.6 

Viguiera  stenoloba 

1 

1 

25.0 

2.6 

Xanthocephalum  Sarothrae 

3 

R 

75.0 

7.9 

Yucca  baccata 

1 

+ 

25.0 

2.6 

Yucca  elata 

1 

+ 

25.0 

2.6 

Grasses 

Bouteloua  curtipendula 

3 

1 

75.0 

7.9 

Bouteloua  eriopoda 

3 

2 

75.0 

7.9 

Tridens  muticus 

1 

R 

25.0 

2.6 

190 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 


PLANT  COMMUNITY:  Grass  -  Artemisia  fill  foil  a 


MAP  SYMBOL:  14 


QUADRANTS:  10  29  38 

215  241 

276 

SPECIES 

NO  OF. 
OUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREOUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

1 

100.0 

22.2 

Artemisia  fili folia 

0 

A 

+ 

66.7 

14.8 

Atriplex  canescens 

4 

1 

R 

16.7 

3.7 

Parthenium  incanum 

Prosopis  glandulosa 

O 

R 

50.0 

11.1 

0 

Xanthocephalum  Sarothrae 

4 

1 

66.7 

14.8 

c 

R 

83.3 

18.5 

Yucca  elata 

J 

Grasses 

Sporobolus  cryptandrus 

4 

3 

66.7 

14.8 
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APPENDIX  F.  (Continued) 

Summary  of  Phytosociologica!  Data  by  Plant  Community. 

PLANT  COMMUNITY:  Grass  -  Prosopis  glandulosa 
MAP  SYMBOL:  15 


QUADRANTS:  203  207 

259  274 

293 

SPECIES 

NO.  OF 
QUADRANTS 

Wmmm 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

Artemisia  fili folia 

2 

i 

40.0 

8.0 

Atrip! ex  canescens 

1 

i 

20.0 

4.0 

Dalea  formosa 

1 

R 

20.0 

4.0 

Eurotia  lanata 

1 

+ 

20.0 

4.0 

Prosopis  glandulosa 

5 

1 

100.0 

20.0 

Xanthocephalum  Sarothrae 

2 

R 

40.0 

8.0 

Yucca  elata 

2 

R 

40.0 

8.0 

Yucca  Torreyi 

1 

+ 

20.0 

4.0 

Grasses 

Aristida  sp. 

1 

1 

20.0 

4.0 

Bouteloua  curtipendula 

1 

2 

20.0 

4.0 

Bouteloua  eriopoda 

2 

2 

40.0 

8.0 

Bouteloua  gracilis 

1 

1 

20.0 

4.0 

Bouteloua  hirsuta 

1 

R 

20.0 

4.0 

Sporobolus  cryptandrus 


4 


2 


80.0 


16.0 


APPENDIX  F.  (Continued) 

Summary  of  Phy tosociological  Data  by  Plant  Community. 

PLANT  COMMUNITY:  Grass  -  Parthenium  incanum 

MAP  SYMBOL:  16 

QUADRANTS:  49  126  178  181  253  254  258  260  264  282 


NO.  OF 

SPECIES _  QUADRANTS 


Shrubs 

Acacia  constricta  5 

Agave  lechequilla  1 

Agave  Parryi  3 

Aloysia  Wrightii  1 

Berberis  tri folio! ata  2 

Da lea  formosa  4 

Dasylirion  Wheel eri  2 

Dyssodia  acerosa  3 

Ephedra  sp.  6 

Flourensia  cernua  1 

Fouquieria  splendens  4 

Koeberlinia  spinosa  1 

Larrea  tridentata  9 

Nolina  sp.  3 

Opuntia  spp.  2 

Parthenium  incanum  12 

Prosopis  glandulosa  2 

Rhus  aromatica  1 

Rhus  microphylla  2 

Viguiera  stenoloba  5 

Xanthocephalum  Sarothrae  5 


COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

1 

41.7 

4.6 

1 

8.3 

0.9 

1 

25.0 

2.8 

+ 

8.3 

0.9 

1 

16.7 

1.9 

R 

33.3 

3.7 

+ 

16.7 

1.9 

R 

25.0 

2.8 

R 

50.0 

5.6 

+ 

8.3 

0.9 

R 

33.3 

3.7 

+ 

8.3 

0.9 

1 

75.0 

8.3 

1 

25.0 

2.8 

R 

16.7 

1.8 

2 

100.0 

11.1 

+ 

16.7 

1.9 

+ 

8.3 

0.9 

1 

16.7 

1.9 

1 

41.7 

4.6 

1 
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41.7 


4.6 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 


SPECIES 

NO.  OF 
QUADRANTS 

mmm 

■EXiiv  SB 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Yucca  elata 

4 

R 

33.3 

3.7 

Yucca  Torreyi 

2 

R 

16.7 

1.9 

Grasses 

Aristida  sp. 

1 

1 

8.3 

0.9 

Bouteloua  curtipendula 

7 

2 

58.3 

6.5 

Bouteloua  eriopoda 

5 

2 

41.3 

4.6 

Bouteloua  gracilis 

1 

1 

8.3 

0.9 

Hi  lari  a  rciutica 

2 

1 

16.7 

1.9 

Lycurus  phleoides 

1 

2 

8.3 

0.9 

Muhlenbergia  arenacea 

1 

R 

8.3 

0.9 

Muhlenbergia  Porteri 

1 

+ 

8.3 

0.9 

Muhlenbergia  seti folia 

1 

1 

8.3 

0.9 

Scleropogon  brevifolius 

1 

1 

8.3 

0.9 

Setaria  macros tachya 

1 

+ 

8.3 

0.9 

Sporobolus  cryptandrus 

1 

+ 

8.3 

0.9 

Sporobolus  Wrightii 

1 

+ 

8.3 

0.9 

Tridens  muticus 

1 

R 

8.3 

C.9 

Grass  spp. 

3 

2 

25.0 

2.3 

194 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 
PLANT  COMMUNITY:  Larrea  tridentata 

MAP  SYMBOL:  20 


QUADRANTS:  2  32  71 

6  62  72 

20  63 

77  112 

111  114 

117 

118 

136  139 

138  140 

141  212 

209  279 

SPECIES 

NO.  OF 
QUADRANTS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

Acacia  constricta 

1 

+ 

4.5 

1.2 

Artemisia  fili folia 

1 

+ 

4.5 

1.2 

Atriplex  canescens 

1 

R 

4.5 

1.2 

Berberis  trifoliolata 

2 

+ 

9.1 

2.5 

Dalea  formosa 

6 

1 

27.3 

7.5 

Ephedra  sp. 

1 

R 

4.5 

1.2 

Flourensia  cernua 

4 

+ 

18.2 

5.0 

Larrea  tridentata 

22 

2 

100.0 

27.5 

Opuntia  spp. 

5 

R 

22.7 

6.2 

Parthenium  incanum 

3 

+ 

13.6 

3.8 

Prosopis  glandulosa 

6 

+ 

27.3 

7.5 

Rhus  microphylla 

1 

R 

4.5 

1.2 

Xanthocephalum  Sarothrae 

12 

1 

54.5 

15.0 

Yucca  baccata 

1 

+ 

4.5 

1.2 

Yucca  elata 

2 

R 

9.1 

2.5 

Grasses 

Aristida  sp. 

1 

R 

4.5 

1.2 

Grass  spp. 


+ 


11 


50.0 


13.8 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 

PLANT  COMMUNITY:  Larrea  tridentata  -  Grass 

MAP  SYMBOL:  21 


QUADRANTS:  12  43  70 

17  44  99 

131  142 

137  143 

149 

150  151 

160  267 

SPECIES 

NO.  OF 
QUADRANTS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

Dalea  formosa 

1 

1 

6.7 

1.5 

Dyssodia  acerosa 

1 

1 

6.7 

1.5 

Flourensia  cernua 

2 

+ 

13.3 

3.0 

Larrea  tridentata 

15 

2 

100.0 

22.4 

Opuntia  spp. 

5 

R 

33.3 

7.5 

Parthenium  incanum 

3 

+ 

20.0 

4.5 

Prosopis  glandulosa 

2 

+ 

13.3 

3.0 

Xanthocephalum  Sarothrae 

10 

1 

66.7 

14.9 

Yucca  baccata 

1 

1 

6.7 

1.5 

Yucca  elata 

2 

1 

13.3 

3.0 

Grasses 

Hilaria  mutica 

1 

2 

6.7 

1.5 

Muhlenbergia  arenacea 

3 

1 

20.0 

4.5 

Muhlenbergia  Porteri 

2 

2 

13.3 

3.0 

Scleropogon  brevifolius 

1 

1 

6.7 

1.5 

Setaria  macrostachya 

1 

1 

6.7 

1.5 

Sporobolus  Wrightii 

8 

1 

53.3 

11.9 

Tridens  muticus 

7 

1 

46.7 

10.4 

Grass  spp. 

2 

2 

13.3 

3.0 
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APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 

PLANT  COMMUNITY:  Larrea  tridentata  -  Parthenium  incanum  -  Grass 

MAP  SYMBOL:  22 


QUADRANTS:  19  115  129 

25  125  145 

166 

VJ 

175 

176 

186 

196  197 

220  298 

SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

Acacia  constricta 

3 

1 

20.0 

3.0 

Aloysia  Wrightii 

1 

+ 

6.7 

1.0 

Da lea  formosa 

5 

R 

33.3 

5.0 

Dyssodia  acerosa 

1 

R 

6.7 

1.0 

Ephedra  sp. 

1 

+ 

6.7 

1.0 

Eurotia  lanata 

1 

1 

6.7 

1.0 

Flourensia  cernua 

3 

1 

20.0 

3.0 

Fouquieria  splendens 

2 

R 

13.3 

2.0 

Koeberlinia  spinosa 

1 

+ 

6.7 

1.0 

Larrea  tridentata 

15 

2 

100.0 

15.2 

Opuntia  spp. 

4 

R 

26.7 

4.G 

Parthenium  incanum 

15 

1 

100.0 

15.2 

Prosopis  g1andulosa 

6 

+ 

40.0 

6.1 

Rhus  microphylla 

3. 

+ 

20.0 

3.0 

Viguiera  stenoloba 

1 

1 

6.7 

1.0 

Xanthocephalum  Sarothrae 

11 

1 

73.3 

11.1 

Yucca  baccata 

1 

-+ 

6.7 

1.0 

Yucca  elata 

3 

1 

20.0 

3.0 

Yucca  Torreyi 

2 

R 

13.3 

2.0 

Grasses 

Aristida  sp. 

1 

R 

6.7 

1,0 

Bouteloua  curtipendula 

1 

1 

6.7 

1.0 
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APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 


SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Bouteloua  eriopoda 

1 

1 

6.7 

1.0 

Muhlenberg! a  Porteri 

2 

1 

13.3 

2.0 

Setaria  macrostachya 

1 

+ 

6.7 

1.0 

Sporobolus  cryptandrus 

2 

1 

13.3 

2.0 

Sporobolus  Wrightii 

1 

1 

6.7 

1.0 

Trichachne  californica 

1 

1 

6.7 

1.0 

Tridens  muticus 

9 

2 

60.0 

9.1 

Grass  spp. 

1 

2 

6.7 

1.0 
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APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 

PLANT  COMMUNITY:  Larrea  tridentata  -  Prosopis  glandulosa  -  Xanthocephalum 
Sarothrae 

MAP  SYMBOL:  23 


QUADRANTS:  1  39  42 

3  41  58 

18 

82  128 
122  130 

135 

147 

159  163 

161  168 

169  218 

170  219 

SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

Atriplex  canescens 

3 

R 

14.2 

2.9 

Da lea  formosa 

2 

R 

9.5 

2.0 

Dyssodia  acerosa 

1 

+ 

4.8 

1.0 

Ephedra  sp. 

1 

R 

4.8 

1.0 

Eurotia  lanata 

1 

+ 

4.8 

1.0 

Flourensia  cemua 

5 

1 

23.4 

4.9 

Larrea  tridentata 

21 

2 

100.0 

20.6 

Opuntia  spp. 

4 

R 

1S.0 

4.0 

Parthenium  incanum 

4 

1 

19.0 

4.0 

Prosopis  glandulosa 

21 

2 

100.0 

20.6 

Rhus  microphylla 

2 

1 

9.5 

2.0 

Xanthocephalum  Sarothrae 

15 

1 

71.4 

14.7 

Yucca  baccata 

1 

R 

4.8 

1.0 

Yucca  elata 

5 

1 

23.8 

4.9 

Yucca  Torreyi 

1 

1 

4.8 

1.0 

Grasses 

Hi lari a  mutica 

1 

1 

4.8 

1.0 

Muhlenbergia  Porteri 

4 

2 

19.0 

4.0 

Sporobolus  cryptandrus 

4 

2 

19.0 

4.0 

Tridens  muticus 

2 

1 

9.5 

2.0 

Grass  spp. 


4 
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2 


19.0 


4.0 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Rant  Community. 
PLANT  COWUNITY:  Larrea  tridentata  -  Flourensia  cernua  -Grass 

MAP  SYMBOL:  25 


QUADRANTS:  33  48  76 

35  73  88 

95  146 

123  148 

153 

182 

188  272 

273  294 

SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

Acacia  constricta 

1 

+ 

6.2 

1.1 

Artemisia  fili folia 

1 

2 

6.2 

1.1 

Atriplex  canescens 

3 

+ 

18.8 

3.3 

Dyssodia  acerosa 

1 

R 

6.2 

1.1 

Ephedra  sp. 

1 

+ 

6.2 

1.1 

Flourensia  cernua 

16 

2 

100.0 

17.8 

Fouquieria  splendens 

2 

R 

12.5 

2.2 

Koeberlinia  spinosa 

1 

+ 

6.2 

1.1 

Larrea  tridentata 

16 

2 

100.0 

17.8 

Nolina  sp. 

1 

2 

6.2 

1.1 

Opuntia  spp. 

3 

+ 

18.8 

3.3 

Parthenium  incanum 

4 

1 

25.0 

4.4 

Prosopis  glandulosa 

7 

1 

43.8 

7.8 

Xanthocephalum  Sarothrae 

7 

1 

43.8 

7.8 

Yucca  elata 

2 

1 

12.5 

2.2 

Yucca  Torreyi 

1 

R 

6.2 

1.1 

Grasses 

Hi  lari a  mutica 

4 

2 

25.0 

4.4 

Muhlenbergia  arenacea 

3 

2 

18.8 

3.3 

Muhlenbergia  Porteri 

6 

2 

37.5 

6.7 

Muhlenbergia  set! folia 

1 

1 

6.2 

1.1 

Panicum  obtusum 

1 

2 

6.2 

1.1 

200 


APPENDIX  F.  .(Continued) 

Summary  of  Phytosocioiogical  Data  by  Plant  Community. 


SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Scleropogon  brevifolius 

4 

2 

25.0 

4.4 

Sp'-'robolus  cryptandrus 

1 

R 

6.2 

1.1 

Tridens  muticus 

1 

1 

6.2 

1.1 

Grass  spp. 

2 

2 

12.5 

2.2 

J 


1 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 
PLANT  COMMUNITY:  Acacia  constricta  -  Grass 

MAP  SYMBOL:  30 


QUADRANTS:  45  90 

46  93 


97  199 


_ SPECIES _ 

Shrubs 

Acacia  constricta 
Atriplex  canescens 
Berberis  trifoliolata 
Dalea  formosa 
Dalea  scoparia 
Dyssodia  acerosa 
Ephedra  sp. 

Flourensia  cernua 
Fouquieria  splendens 
Koeberlinia  spinosa 
Krameria  glandulosa 
Larrea  tridentata 
Opuntia  spp. 

Parthenium  incanum 
Prosopis  glandulosa 
Xanthocephalum  Sarothrae 
Yucca  baccata 
Yucca  elata 

Grasses 

Bouteloua  curtipendula 
Bouteloua  eriopoda 
Bouteloua  hirsuta 


NO.  OF 
3UADRANTS 


>5  256 

257  268 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

100.0 

14.4 

7.1 

1.0 

21.4 

3.1 

42.9 

6.2 

7.1 

1.0 

21.4 

3.1 

42.9 

6.2 

28.6 

4.1 

7.1 

1.0 

14.3 

2.1 

7.1 

1.0 

28.6 

4.1 

28.6 

4.1 

71.4 

10.3 

14.3 

2.1 

50.0 

7.2 

7.1 

1.0 

21.4 

3.1 

42.9 

6.2 

14.3 

2.1 

7.1 

1.1 

202 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 


SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Hi  lari  a  mutica 

6 

2 

42.9 

6.2 

Scleropogon  brevifolius 

3 

1 

21.4 

3.1 

Tridens  muticus 

3 

R 

21.4 

3.1 

Grass  spp. 

3 

+ 

21.4 

3.1 

APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 

PLANT  COMMUNITY;  Acacia  constricta  -  Larrea  tridentata  -  Grass 

MAP  SYMBOL:  31 

QUADRANTS:  4  5  21  164  165  177  193  194  283 


NO.  OF  1 

SPECIES 

QUADRANTS  1 

ABSOLUTE  RELATIVE 

FREQUENCY  FREQUENCY 


Acacia  constricta 

Berberis  trifoliolata 

Dyssodia  acerosa 

Ephedra  sp. 

Flourensia  cernua 

Fouquieria  splendens 

Koeberlinia  spinosa 

Larrea  tridentata 

Opuntia  spp. 

Parthenium  incanum 

Prosopis  glandulosa 

Rhus  microphylla 

Viguiera  stenoloba 

Xanthocephalum  Sarothrae 

Yucca  baccata 

Yucca  Torreyi 

Grasses 
Aristida  sp. 

Bouteloua  eriopoda 

Hi  lari  a  mutica 

Muhlenbergia  arenacea 

Scleropogon  brevifolius 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 


SPECIES 

NO.  OF 
QUADRANTS 

Kill 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Sporobolus  cryptandrus 

1 

i 

10.0 

1.4 

Sporobolus  Wrightii 

1 

2 

10.0 

1.4 

Tridens  muticus 

3 

1 

30.0 

4.1 

Grass  spp. 

1 

2 

10.0 

1.4 
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APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 

PLANT  COMMUNITY:  Flourensia  cernua  -  Grass 

MAP  SYMBOL:  40 

QUADRANTS:  16  50  75  100  154  184  205  269 

34 


_ SPECIES _ 

Shrubs 

Artemisia  filifolia 
Atriplex  canescens 
Berberis  trifoliolata 
Flourensia  cernua 
Larrea  tridentata 
Opuntia  spp. 

Prosopis  glandulosa 
Rhus  microphylla 
Xanthocephalum  Sarothrae 
Yucca  elata 

Grasses 

Bouteloua  eriopoda 
Bouteloua  gracilis 
Hi  lari a  mutica 
Muhlenbergia  arenacea 
Panicum  obtusum 
Scleropogon  brevifolius 
Setaria  macrostachya 
Sporobolus  contractus 
Sporobolus  Wrightii 
Grass  spp. 


NO.  OF 
UADRANTS 


COVER 

CLASS 


ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

9.1 

1.5 

54.5 

9.1 

9.1 

1.5 

100.0 

1 G.  7 

36.4 

6.1 

45.4 

7.6 

54.5 

9.1 

9.1 

1.5 

9.1 

1.5 

27.3 

4.5 

9.1 

1.5 

18.2 

3.0 

72.7 

12.1 

18.2 

3.0 

9.1 

1.5 

54.5 

9.1 

27.3 

4.5 

9.1 

1.5 

18.2 

3.0 

9.1 

1.5 
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APPENDIX  F.  (Continued) 

Summary  of  Phytosocioiogical  Data  by  Plant  Community. 


PLANT  COMMUNITY:  Flourensia  cernua  -  Larrea  tridentata  -  Grass 
MAP  SYMBOL:  41 

QUADRANTS:  7  152  162  185  192  303 


SPECIES 


Shrubs 

Artemisia  fili folia 


Atriplex  canescens 
Ephedra  sp. 

Flourensia  cernua 
Larrea  tridentata 
Prosopis  glandul osa 
Viguiera  stenoloba 
Xanthocephal urn  Sarothrae 
Yucca  elata 
Yucca  Torreyi 


Grasses 
Hi  lari  a  mutica 


Muhienbergia  arenacea 
Muhlenbergia  Porteri 
Sporobolus  giganteus 
Grass  spp. 


NO.  OF 
QUADRANTS 


COVER 

CLASS 


ABSOLUTE 

FREQUENCY 


33.3 

50.0 

25.0 

100.0 

100.0 

50.0 


16.7 


33.3 

50.0 

16.7 


16.7 

16.7 

33.3 

16.7 

50.0 


RELATIVE 

FREQUENCY 


5.6 

8.3 

2.8 

16.7 

16.7 

8.3 

2.8 

5.6 

8.3 

2.8 


2.8 

2.8 

5.6 

2.8 

8.3 
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APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 


PLANT  COMMUNITY:  Prosopis  glandulosa  -  Xanthocephalum  Sarothrae  -  Atriplex 
canescens  -  Grass 

MAP  SYMBOL:  50 


QUADRANTS:  8  24 

i  51 

14  52 

23  53 

54 

56 

59 

60 

66  80 

67  81 

68  83 

69  102 

103 

104 

105 

113 

116  156 

121  157 

133  171 

155  172 

210  278 

211  280 

275  299 

SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

Artemisia  fili folia 

2 

R 

5.4 

1.2 

Atriplex  canescens 

27 

1 

73.0 

16.8 

Berberis  trifoliolata 

2 

+ 

5.4 

1.2 

Dalea  formosa 

1 

1 

2.7 

0.6 

Ephedra  sp. 

11 

R 

30.0 

6.8 

Flourensia  cernua 

2 

R 

5.4 

1.2 

Larrea  tridentata 

3 

+ 

8.1 

1.9 

Opuntia  spp. 

1 

+ 

2.7 

0.6 

Parthenium  incanum 

2 

R 

5.4 

1.2 

Prosopis  glandulosa 

37 

2 

100.0 

23.0 

Xanthocephalum  Sarothrae 

35 

1 

94.6 

21.7 

Yucca  baccata 

3 

+ 

8.1 

1.9 

Yucca  elata 

19 

+ 

51.4 

11.8 

Yucca  Torreyi 

2 

R 

5.4 

1.2 

Grasses 

Aristida  sp. 

1 

+ 

2.7 

0.6 

Setaria  macrostachya 

1 

R 

2.7 

0.6 

Sporobolus  contractus 

2 

1 

5.4 

1.2 

Sporobolus  cryptandrus 

9 

2 

24.3 

5.6 

Tridens  muticus 

1 

1 

2.7 

0.6 
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APPENDIX  F.  (Continued) 

Summary  of  Phytosociologica!  Data  by  Plant  Community. 


PLANT  COMMUNITY:  Prosopis  glandulosa  -  Larrea  tndentata 


MAP  SYMBOL:  51 
QUADRANTS:  40  134  144 


cpcPTFS 

NO.  OF 
OllADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREOUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

R 

66.7 

13.3 

Atriplex  canescens 

20.0 

o 

1 

100.0 

Larrea  tridentata 

o 

Parthenium  incanum 

1 

1 

33.3 

6.7 

20.0 

Prosopis  glandulosa 

Q 

2 

100.0 

O 

20.0 

Xanthocephalum  Sarothrae 

2 

100.0 

0 

6.7 

1 

+ 

33.3 

Yucca  elata 

Grasses 


Grass  spp. 


2 


1 


66.7 


13.3 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 

PLANT  COMMUNITY:  Prosopis  glandulosa  -  Artemisia  filifolia 


MAP  SYMBOL:  52 

QUADRANTS:  106  108 

109  119 

SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

Artemisia  filifolia 

4 

1 

100.0 

16.0 

Atriplex  canescens 

4 

+ 

100.0 

16.0 

Ephedra  sp. 

2 

R 

50.0 

3.0 

Prosopis  glandulosa 

4 

2 

100.0 

16.0 

Xanthocephalum  Sarothrae 

4 

1 

100.0 

16.0 

Yucca  elata 

4 

+ 

100.0 

16.0 

Grasses 

Grass  spp. 

3 

+ 

75.0 

12.0 
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APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 


PLANT  COMMUNITY:  Artemisia  filifolia  -  Prosopsis  glandulosa 
MAP  SYMBOL:  61 
QUADRANTS:  36  242 


SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

Shrubs 

Artemi  s  i  a  t'i  1  i  f ol  i  a 

2 

2 

Ephec'  sp. 

1 

+ 

Prosopis  glandulosa 

2 

1 

Xanthocephalum  Sarothrae 

2 

1 

Yucca  elata 

2 

R 

Grasses 

Sporobolus  cryptandrus 

1 

2 

Grass  spp. 


APPENDIX  F.  (Continued) 

Summary  of  Phytosociological  Data  by  Plant  Community. 

PLANT  COMMUNITY:  Other 
MAP  SYMBOL:  90 


QUADRANTS:  13  61  190 

248 

SPECIES 

NO.  OF 
QUADRANTS 

COVER 

CLASS 

ABSOLUTE 

FREQUENCY 

RELATIVE 

FREQUENCY 

Shrubs 

Acacia  constricta 

2 

+ 

50.0 

7.7 

Atriplex  canescens 

2 

R 

50.0 

7.7 

Berberis  trifoliolata 

1 

+ 

25.0 

3.8 

Dyssodia  acerosa 

1 

R 

25.0 

3.8 

Ephedra  sd. 

3 

+ 

75.0 

11.5 

Flourensia  cernua 

1 

+ 

25.0 

3.8 

Larrea  tridentata 

4 

R 

100.0 

15.4 

Opuntia  spp. 

1 

+ 

25.0 

3.8 

Parthenium  incanum 

1 

R 

25.0 

3.8 

Prosopis  glandulosa 

2 

1 

50.0 

7.7 

Viguiera  stenoloba 

2 

R 

50.0 

7.7 

Xanthocephalum  Sarothrae 

1 

R 

25.0 

3.8 

Yucca  Torreyi 

1 

+ 

25.0 

3.8 

Grasses 

Muhlenbergi a  arenacea 

1 

R 

25.0 

3.8 

Tridens  muticus 

1 

1 

25.0 

3.8 

Grass  spp. 

2 

R 

50.0 

7.7 
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APPENDIX  G 


A  Listing  of  the  Flora  of  the  Fort  Bliss  and  Adjacent  Areas 
in  South-Central  New  Mexico  Plant  Community. 


POLYPODIACEAE  (True  Ferns) 

ClieiZanthei  Wnightii  Hook  (Wright  lipfern) 

PINACEAE  (Pine  Family) 

JunipeAuA  monoipevna  (Engelm.)  Sarg ,  (oneseeded  juniper;  cedar) 
Pinui  eduZZi  Engelm.  (pinyon  pine) 

EPHEDRACEAE  (Ephedra  Family) 

Ephedna  (LbpCAA  Engelm.  (popotillo;  Mormon  tea) 

Ephedna  tA Z&uAca  Torr.  (long-leaf  ephedra;  Mormon  tea) 

GRAMINEAE  (Grasses) 

Andnopogon  banbinodZs ,  Lag. 

Andnopogon  &aechanoidZJ> ,  Swartz  (Silver  beardgrass) 

AnZbtZda  adieeniioiZi ,  L.  (Six  weeks  three-awn) 

AnZitida  anZzonica,  Vasey  (Arizona  three-awn) 

AnZitida  divanZcata,  Humb.  and  Bonpl.  ex  Willd  (Poverty  three-awn) 
AnZ&tida  ZongL&eta,  steud.  (Red  three-awn) 

Ani&tida  pania,  Wort,  and  Standi-  (Wooten  three-awn) 

AnZttida  p anZihiZ,  Hitchc. 

At L&tida  puApunaAcena ,  Poir.  (Arrow  feather) 

BouteZoua  banbata,  Lag-  (Six  weeks  grama) 

BouteZoua  bnevZ&eta,  vasey. 

BouteZoua  cuntipenduZa  (Michx)  Torr.  (Side  oats  grama) 

BouteZoua  enZcpoda,  (Torr.)  Torr.  (Black  grama) 

BouteZoua  gnaeiZZ S,  (H.B.K.)  Lag.  ex  Steud.  (Blue  grama) 

BouteZoua  liZuuta,  Lag.  (Hairy  grama) 

BouteZoua  uiZ&Zona,  Vasey. 

CenchXuA  paucZfiZonui,  Benth.  (Field  sandbur) 

ChZonii  vingata,  Swartz.  (Feather  fir.gergrass) 

EcllinochZoa  cAu&gaZZZ  var.  blitZ&,  (Pursh.)  Peterm.  (Barnyard  grass) 
Eiuieapogon  deivauxiZ,  Beauv.  (Spiked  pappusgrass) 

EnagAO&tZi  ZnteAmedia,  Hitchc.  (Plains  lovegrass) 

HZZanZa  beZangenZ,  (steud.)  Nash.  (Curly  Mesquite) 

HZZanZa  mutica ,  (Buckl.)  Benth.  (Tobosa  grass) 

LeptochCoa  dubia,  (H.B.K.)  Nees.  (Green  sprangletop) 

Ltjeunui  phZeoideA,  h.b.k.  (wolftaii) 
bbliZenbengia  anenaeea,  (Buckl.)  Hitchc. 
bbliZenbengia  an.mic.oik,  Buckl. 
bbliZenbengia  men&Zeyi,  vasey  (Bullgrass) 
bb.hZenbzn.gia  paucZ^Zona,  (Buckl.)  (New  Mexican  muhlv) 
bbliZenbengia  PonZenZ,  scribn.  (3ush  muhly) 
bbliZenbengia  puugeni,  Thurb. 
bbliZenbengia  mvendwni,  Vasey  and  Scribn. 
bbliZenbengia  nZgida,  (H.B.K.)  Kunth.  (Purple  muhly) 
bbliZenbengia  ietifeZZa,  vasey 


APPENDIX  G.  (Continued) 


A  Listing  of  the  Flora  of  the  Fort  Bliss  and  Adjacent  Areas 
in  South-Central  New  Mexico  Plant  Community. 


GRAMINEAE  (Cont'd) 

M ukte.nbeA.g-ia  T OAAeyi,  (Kunth.)  Hitchc.  ex  Bush.  (Ring  grass) 
Mukle.nbeA.g4A.  xeAophiia.,  c.o.  Goodding 
Panicum  obtuAum,  H.B.K.  (Vine-mesquite) 

Panicum  pampinoAum,  Hitchc.  and  Chase 
ScZeAopogon  bAevi^oZiuA ,  Phil.  (Burro  grass) 

SetaAia  macAOAtachya,  H.B.K.  (Plains  bristlegrass) 

SpoAoboZuA  CU>peA,  (Michx. )  Kunth. 

SpOAoboZ uA  COntAactuA,  Hitchc.  (Spike  dropseed) 

SpoAoboZuA  CAyptandAuA ,  (Torr.)  A.  Gray.  (Sand  dropseed) 

SpoAoboZuA  filexuoAuA,  (Thurb.)  Rydb.  (Mesa  dropseed) 

SpoAoboZuA  Q4.gayUe.UA,  Nash.  (Giant  dropseed) 

SpoAoboZuA  WAightii,  Munro  ex  Scribn.  (Sacaton) 

StUpa  pAingZei,  Scribn.  (Pringle  needlegrass) 

TA4.chac.kne  cati^OAnica,  (Benth.)  Chase.  (Cottontop) 

TAichachne  f iitchcockii,  (Chase)  Chase 

TAidcnA  eZongatuA ,  (Buckl.)  Nash  (Rough  tridens) 

TAidenA  muticuA,  (Torr.)  Nash  (Slim  tridens) 

TAidcnA  puZcheZZuA,  (h.b.k.)  Hitchc. 

LILIACEAE  (Lily  Family) 

VaAyZUAion  WheeZeAi  wats.  (Wheeler  sotol) 

NoZina  App. ,  Michx. 

yucca,  baccata, (Engelm. )  Trel.  (datil;  banana  yucca) 

Yucca  eJtata,  Engelm.  (soaptree  yucca) 

Yucca  ToAACiyi.Sha.feT  (Spanish  dagger;  Torrey  yucca) 

AMARYLLIDACEAE  (Amaryllis  Family) 

A gave  ZeckeguiZZa, Torr.  (lecheguilla) 

Agave  PaAAyi,  Engelm.  (mescal;  Parry  agave) 

SALICACEAE  (Willow  Family) 

PopuZuA  sp.  L.  (cottonwood;  poplar) 

SaZix  gooddingii  Ball  (Southwestern  black  willow) 

FAGACEAE  (Beech  Family) 

QueACUA  unduZata  (wavy  leaf  oak) 

ULMACEAE  (Elm  Family) 

CeZtiA  ACticuZata  Torr.  (netleaf  hackberry) 

UZjnuA  sp.  L.  (elm) 

CHENOPODIACEAE  (Goosefoot  Family) 

AtAipZex  caneAcenA  (Pursh.)  Nutt,  (fourwing  saltbush) 

EuAOtia.  Zanata  (Pursh.)  Moq.  (common  winterfat) 

SaZAoZa  kaZi  L.  (Russian  thistle) 

BRASSICACBAE  (Mustard  Family) 

ViUhyAea  WiAZUzenii  Engelm.  var.  WiAZizenU. 

Lepidium  ZaAiocaApum  Nutt.  var.  WAightii  (Gray)  Hitchc.  (hairypod 
spectaclepod) 

Lepidium  montanum  var.  aZyAAoideA  (Gray)  Jones  (mountain  pepperweed) 
Lepidium  montanum  var.  anguAtifioZium  Hitchc.  (fleshy  pepperweed) 
ROSACEAE  (Rose  Family) 

CeAcocaApuA  montanuA  Raf.  var.  paucidentatuA  (Wats.)  f.l.  Martin 
(shaggy  mountain  mahogany) 

F aZZugia  paAaijxa  (Don.)  Endl.  (Apache  plume) 
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APPENDIX  G.  (Continued) 


A  Listing  of  the  Flora  of  the  Fort  Bliss  and  Adjacent  Areas 
in  South-Central  New  Mexico  Plant  Community. 

LEGUMINOSAE  (Legumes) 

Ac.atU.Cl  COnb-t/Utta  Benth.  ex  Gray  (mescat  acacia;  whitethorn) 
CaciaZpiuZa  Jamd-ii  (T.  s  G.)  Fisher  (bird-of-paradise) 

Cauia  LindhcimcAxana  Scheele  (Lindheimer  senna) 

VaZca  fcoMnOAa  Torr.  (feather  dalea) 

VaZca  Zanata  spreng.  (wooiy  dalea) 

VaZca  icopa/ua  Gray  (broom  dalea) 

Hofafonan&cggia  gZauca  (ort)  Eifert  (rush  pea) 

Pafdiinhonia  accZcaXa  l.  Retama) 

PtOAOpZA  qZanduZo&a  Torr.  var.  TofiAdjana  (Benson)  M.C.Johnst.  (western 
honey  mesquite) 

KRAMERIACEAE  (Ratany  Family) 

KAam&Ua  aaiti06Z.i6.bna  Wats,  (calderona) 

Knamc/Ua  gZanduZoia  Rose  &  Painter  (range  ratany) 

ZYGOPHYLLACEAB  (Caltrop  Family) 

LahJica  tOilcntata  (DC.)  Cav.  (creosotebush;  greasewood) 

ANACARDIACEAE  (Sumac  Family) 

RIiuA  aAomatica  Ait.  var.  piZ.06Z6&Zma  (Engl.)  Shinners  (skunkbush; 
fragrant  sumac) 

Rhui  mic/iOplujZZa  Gray  (littleleaf  sumac) 

RHAMNACEAE  (Buckthorn  Family) 

Ccanothui  GacggZ  Gray  (desert  ceanothus) 

Condalia  OvicoZdcb  (Gray)  M.C.Johnst.  (javelina  bush) 

CondaZia  mcxicana,  Schlecht 

CondaZZa  Apatluitata  Gray  (knifelead  condalia) 

MALVACEAE  (Mallow  Family) 

H-ibiicuA  dcnudatuA  Benth.  (paleface  rosemallow) 

SphacAaZcca  sp. 

FOUOUIERIACEAE  (Ocotillo  Family) 

rOuquiCAia  ApZcndcnA  Engelm.  (ocotillo) 

KOEBKRLINIACEAE  (Allthorn  Family) 

KocbcAJUrua  ipinoAa  zucc.  (allthorn) 

CACTACEAE  (Cacti) 

Opuntia  EngcZtnanii  (Engelman  Prickly  pear) 

Opuntia  ZmbAicata  (Haw.)  DC.  var.  ZmbAicata  (cane  cholla;  tree  cholla) 
Opuntia  IcptocauZsU  DC.  var.  ZcptocauZtb  (pencil  cholla;  Christmas 
cactus) 

Opuntia  spp. 

TAMARICACEAE  (Tamarisk  Family) 

TamtUv i&k  AamoA-iAA-ima  Ledeb  (salt  cedar) 

CONVOLVULACEAE  (Morning  Glory  Family) 

Ipomoca  sp.  (morning  glory) 

VERBENACEAE  (Verbain  Family) 

A ZoiJ&ta  Waightii  (Gray)  Heller  (Wright  aloysia) 

SOLANACEAE  (Nightshade  Family) 

W acotcana  tvigonophijZZa  Dunal  (desert  tobacco) 

SoZanum  cZaeagni^oZiuw  cav.  (silverleaf  nightshade) 

SCROPHULARIACEAE  (Figwort  Family) 

CaAtilZcja  sp.  L.f.  (Indian  paintbrush) 

BIGNONIACEAE  (Catalpa  Family) 

CkiZopiti  lineaAsU  (Cav. )  DC.  var.  ZincaJiiA  (desert  willow) 


APPENDIX  G.  (Continued) 


A  Listing  of  the  Flora  of  the  Fort  Bliss  and  Adjacent  Areas 
in  South-Central  New  Mexico  Plant  Community. 

CUCURBITACEAE  (Gourd  Family) 

CucuAbita  {ioeJxcU66ima  h.b.k.  (buffaiogourd) 

ASTERACEAE  (Sunflower  Family) 

A fltejn-Lk-La  ^■LLi^oLLa.  Torr.  (sand  sage) 

Baccha/iii  gtuZino6a  (R.  &.  P.)  Pers.  (seepwillow  baccharis) 

B&ttzya  muiZOtacUata  Harv.  &  Gray  (desert  baileya) 

Ch/iy-iothamniUi  ncuiicoMLi  (Pall.)  Britton  (rubber  rabbitbrush) 
VyMOdZl  aceAo&a.  DC.  (prickleaf  dogweed) 

Wou/ULniia.  c&inua.  DC.  (tarbush;  blackbrush) 

GdittaAdba.  p-innatifiZda  Torr.  (slender  gaillardia) 

PaAthcnium  'Lncanum  H.B.K.  (mariola  parthenium) 

PiZloA&iOphe.  tCLQ&tina.  Greene  (wooly  paperflower) 

ThttnApeAma  Zong-Lpttt  Gray  (longstalk  greenthread) 

V. igtiieAa.  At&noloba  Balke  (skeleton  goldeneye) 

Xanthoc&pkaZum  tnicAOC.e.phatum  (DC.)  Shinners  (threadleaf  snakeweed) 
Xanthoccplidtum  SaAOth/uie.  (Pursh)  Shinners  (broom  snakeweed) 
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APPENDIX  H 


SUMMARY  OF  TERRAIN  DATA  FOR  SAMPLE  SITES  IN  LAND  COVER  UNIT  1) 


SITE 

LANDFORM 

PARENT 

SLOPE 

NUMBER 

UNIT 

MATERIAL 

<Q/0» 

200 

Al 

ALLU 

1 

25  0 

A1 

BEDL 

1 

288 

Al 

ALLU 

0 

198 

A2 

BEDL 

0 

223 

A2 

SHAL 

15 

239 

A2 

ALLU 

5 

249 

A2 

BEDL 

0 

262 

A2 

BEDL 

0 

26  3 

A2 

IGNE 

0 

289 

A? 

BEDL 

25 

291 

A2 

BEDL 

0 

296 

A2 

BEDL 

0 

29  7 

A2 

BEOL 

15 

261 

A? 

IGNE 

0 

92 

B1 

ALLU 

0 

110 

Bt 

IGNE 

n 

189 

B1 

ALLU 

lu 

206 

B1 

ALLU 

2 

2b  8 

Bi 

ALLU 

5 

23  8 

B1 

ALLU 

1 

290 

Bl 

ALLU 

1 

47 

B4 

ALLU 

2 

271 

B4 

ALLU 

0 

281 

B4 

ALLU 

0 

11 

Cl 

EOLI 

1 

55 

Cl 

ALLU 

5 

57 

Cl 

EOLI 

1 

74 

Cl 

EOLI 

6 

84 

Cl 

EOLI 

0 

158 

Cl 

EOLI 

1 

29e 

Cl 

EOLI 

0 

64 

C4 

EOLI 

3 

65 

C4 

EOLI 

1 

7  8 

C4 

ALLU 

1 

79 

C4 

ALLU 

1 

107 

CL 

EOLI 

0 

172 

C4 

ALLU 

2 

IT? 

C4 

EOLI 

0 

174 

C4 

EOLI 

1 

213 

C4 

EOLI 

1 

217 

C4 

EOLI 

0 

265 

CL 

ALLU 

0 

266 

C4 

ALLU 

0 

277 

C4 

ALLU 

0 

87 

O 

ALLU 

1 

179 

0 

ALLU 

3 

24  0 

0 

ALLU 

1 

285 

0 

ALLU 

0 

30 1 

0 

BEDL 

Q 

SLOPE 

CAL ICHE 

SOIL 

DIRECTION 

PRESENT 

TYPE 

DEf»r 

<  CM) 

1 

Y 

PAN 

29 

1 

Y 

GRA 

29 

0 

N 

65 

0 

Y 

PAN 

23 

40 

N 

15 

115 

Y 

PAN 

45 

1 

Y 

PAN 

23 

0 

N 

-09 

0 

N 

-15 

0 

N 

10 

0 

N 

15 

0 

N 

-15 

p 

N 

♦45 

p 

N 

-15 

250 

Y 

PAN 

30 

170 

N 

5 

340 

Y 

PAN 

35 

24b 

Y 

PAN 

25 

85 

N 

47 

1 

N 

45 

0 

N 

+45 

225 

Y 

PAN 

♦30 

0 

N 

10] 

0 

N 

♦15 

180 

N 

♦75 

90 

N 

♦12 

315 

N 

♦  30 

90 

N 

♦6) 

290 

Y 

PRE 

46 

270 

Y 

PAN 

45 

G 

N 

♦  45 

90 

Y 

GRA 

45 

90 

Y 

PAN 

45 

1 

Y 

PAN 

63 

270 

Y 

PAN 

63 

25 

N 

80 

350 

Y 

GRA 

♦6) 

40 

Y 

PRE 

65 

45 

Y 

PAN 

45 

60 

N 

63 

0 

N 

6] 

0 

N 

♦15 

0 

N 

♦  15 

0 

N 

♦30 

0 

Y 

GRA 

30 

240 

N 

3] 

1 

N 

15 

0 

N 

30 

0 

N 

-15 

218 
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APPENDIX  H.  (Continued) 


SUMMARY  OF  TERRAIN  OATA  FOR  SAMPLE  SITES  IN  LAND  COVER  UNIT  It 


%- 

SITE 

LANDFORM 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

r; 

NUMBER 

UNIT 

MATERIAL 

<G/0» 

DIRECTION 

PRESENT 

TYPE 

DEPT  H 

s'^ 

(CM) 

| 

20 1 

A1 

ALLU 

1 

1 

Y 

PAN 

39 

202 

A1 

ALLU 

4 

210 

N 

49 

251 

A1 

BEOL 

2 

1 

Y 

GRA 

49 

Z' 

286 

A1 

ALLU 

0 

0 

N 

♦39 

\ 

287 

A1 

BEOL 

0 

u 

N 

-3) 

?- 

86 

A2 

BEOL 

0 

0 

N 

19 

* 

236 

A2 

ALLU 

4 

210 

Y 

GRA 

43 

- 

252 

A2 

BEOL 

3 

15 

Y 

PRE 

30 

91 

B1 

ALLU 

4 

250 

Y 

GRA 

3) 

96 

B1 

ALLU 

3 

210 

Y 

PRE 

13 

% 

191 

B1 

ALLU 

3 

290 

N 

39 

SUMMARY  OF  TERRAIN  OATA  FOR  SAMPLC  SITES  IN  LAND  COVER  UNIT  12 


SITE 

LANOFORM 

PARENT 

’ 

NUMBER 

UNIT 

MATFRIAl 

18o 

B1 

ALLU 

15 

B4 

ALLU 

96 

B4 

ALLU 

3T- 

101 

B4 

ALLU 

22 

Cl 

ALLU 

i- 

85 

O 

ALLU 

i 

221 

D 

ALLU 

SLOPE 

SLOPE 

CALICHE 

SOIL 

(0/0) 

DIRECTION 

PRESENT 

TYPE 

DEPTH 

(CM) 

0 

50 

N 

45 

0 

0 

N 

♦39 

0 

290 

Y 

PAN 

♦39 

1 

160 

N 

33 

3 

270 

Y 

PAN 

♦3) 

0 

60 

N 

15 

1 

290 

N 

16 

219 


APPENDIX  H.  (Continued) 


SUMMARY  OF  TERRAIN  DATA  FOR  SAMPLE  SITES  IN  LAND  COVER  UNIT  13 


SITE 

LANOFORM 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

NUMBER 

UNIT 

MATERIAL 

(0/0* 

DIRECTION 

PRESENT 

TYPE 

DEPTH 

(CM) 

89 

A1 

BEDL 

3 

280 

N 

0 

187 

A2 

SHAL 

18 

305 

Y 

PRE 

15 

195 

A2 

BFDL 

2 

80 

N 

15 

204 

B1 

ALLU 

4 

200 

Y 

PAN 

29 

SUMMARY 

OF  TERRAIN  DATA 

FOR  SAMPL 

E  SITES  IN 

LAND  COVER  UNIT  14 

SITE 

LANOFORM 

PARENT 

SLOPE. 

SLOPE 

CALICHE 

SOIL 

NUMBER 

UNIT 

MATERIAI 

(0/0) 

DIRECTION 

PRESENT 

TYPE 

DEPTH 

(CM) 

38 

B5 

ALLU 

2 

270 

N 

+15 

10 

Ci 

EOLI 

4 

273 

N 

+75 

2^6 

Cl 

EOLI 

0 

0 

N 

+89 

29 

C2 

EOLI 

3 

180 

N 

+3J 

2ui 

C? 

EOLI 

1 

155 

N 

75 

215 

Ct 

EOLI 

1 

180 

Y 

6RA 

53 

SUMMARY 

OF  TERRAIN  DATA 

FOR  SAMPL 

E  SUES  IN 

LAND  COVER  UNIT  15 

SITr 

LANOFORM 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

UMBER 

UNIT 

MATERIAL 

(0/0) 

DIRECTION 

PRESENT 

TYPE 

DEPTH 

(CM) 

203 

A1 

BPDL 

12 

210 

N 

1) 

20  7 

B1 

ALLU 

1 

10 

N 

41 

259 

Cl 

EOLI 

0 

0 

N 

+30 

274 

C2 

EOLI 

0 

0 

N 

+33 

293 

C2 

EOLI 

0 

0 

Y 

PAN 

♦75 

220 


APPENDIX  H.  (Continued) 

SUMMARY  OF  TERRAIN  OATA  FOR  SAMPlc.  SITES  IN  LAND  COVER  UNIT  la 

SITF  LANDFORM  PARENT  SLOPE  SLOPE  CALICHE  SOIL 

NUMBER  UNIT  MATERIAL  (0/0)  DIRECTION  PRESENT  TYPE  DEPTH 

(CM) 


49 

A2 

BEDL 

26 

270 

N 

-1 

124 

A2 

0 

0 

126 

A2 

0 

0 

127 

A2 

0 

0 

178 

A2 

BEDL 

12 

55 

Y 

PRE 

10 

181 

A2 

ALLU 

8 

ISO 

Y 

PPE 

4) 

253 

A2 

BEOL 

21 

10 

Y 

PAN 

20 

254 

A2 

EFDL 

0 

0 

N 

30 

26  C 

A2 

BEDL 

0 

0 

N 

•15 

264 

A? 

BEOL 

0 

0 

N 

-30 

282 

A2 

SHAL 

0 

0 

Y 

PRE 

3) 

25  8 

A3 

EOLI 

25 

0 

N 

30 

SUMMARY 

OF  TERRAIN  OATA 

FOR  SAMPLE  SITES  IN 

LAND 

COVER  UNIT  2) 

SITE 

LANDFORM 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

NUMBER 

UNIT 

MATERIAL 

(0/P) 

DIRECTION 

PRESENT  TYPE 

DEPTH 

(CM) 

20 

B1 

ALLU 

2 

225 

Y 

PAN 

30 

71 

B1 

ALLU 

8 

240 

N 

18 

111 

Bi 

ALLU 

2 

300 

Y 

PAN 

15 

112 

B1 

ALLU 

0 

0 

Y 

PAN 

15 

114 

Bl 

ALLU 

3 

23  5 

Y 

PRE 

♦30 

117 

Bl 

BET>L 

4 

45 

Y 

PAN 

2 

118 

Bl 

ALLU 

13 

320 

Y 

PAN 

15 

14  P 

Bl 

ALLU 

5 

270 

Y 

PAN 

33 

141 

Bl 

ALLU 

3 

32P 

Y 

PAN 

3) 

209 

Bl 

BEOL 

10 

230 

N 

30 

21c 

Bl 

ALLU 

3 

40 

N 

25 

2 

B3 

ALLU 

1 

55 

Y 

PAN 

♦15 

72 

83 

ALLU 

2 

330 

Y 

GRA 

15 

77 

B3 

ALLU 

2 

340 

N 

15 

136 

B3 

ALLU 

2 

300 

Y 

GRA 

♦33 

138 

B3 

ALLU 

2 

300 

N 

♦30 

139 

83 

ALLU 

2 

300 

N 

♦33 

6 

B4 

ALLU 

1 

30 

N 

♦33 

62 

Cl 

EOLI 

1 

90 

Y 

GRA 

-15 

63 

Cl 

EOLI 

1 

270 

Y 

GRA 

15 

2T9 

Cl 

EOLI 

0 

0 

N 

+15 

32 

C4 

ALLU 

0 

P 

Y 

GRA 

33 

221 


APPENDIX  H.  (Continued) 


SUMMARY  OF  TERRAIN  OATA  FOR  SAMPLE  SITES  IN  LANO  COVER  UNIT  21 


SITE 

LANDFORM 

PARENT 

SLOPE 

NUMBER 

UNIT 

MATERIAL 

(P/0  > 

70 

B1 

ALLU 

5 

90 

B1 

allu 

3 

142 

Bl 

ALLU 

1 

14o 

B1 

ALLU 

1 

17 

B3 

ALLU 

1 

47 

B3 

ALLU 

2 

137 

B3 

ALLU 

2 

149 

63 

ALLU 

1 

150 

B3 

ALLU 

1 

151 

B3 

ALLU 

0 

267 

B3 

ALLU 

0 

44 

BL 

ALLU 

1 

160 

BL 

ALLU 

4 

12 

C2 

EOLI 

0 

131 

C4 

ALLU 

0 

SLOPE 

CALICHE 

SOIL 

DIRECTION 

PRESENT 

TYPE 

DEPTH 

<CN» 

225 

Y 

GRA 

IB 

210 

Y 

PRE 

46 

25 

Y 

PAN 

35 

50 

Y 

PAN 

35 

27  0 

N 

♦30 

300 

Y 

PAN 

13 

30  0 

N 

♦3) 

315 

N 

90 

315 

N 

90 

70 

N 

90 

0 

N 

225 

Y 

GRA 

25 

300 

N 

60 

1 

N 

♦30 

330 

Y 

GRA 

♦63 

SUMMARY  OF  TERRAIN  OATA  FOR  SAMPLE  SITES  IN  LAND  COVER  UNIT  2 2 


SITE  LANDFORM  PARENT  SLOPE  SLOPE  CALICHE  SOIL 

NUMBER  UNIT  MATERIAL  <0/0  1  DIRECTION  PRESENT  TYPE  DEPTH 


25 

A2 

ALLU 

11 

115 

A2 

BEOL 

6 

12  9 

A? 

ALLU 

0 

196 

A2 

ALLU 

2 

197 

A2 

ALLU 

2 

22  P 

A3 

IGNE 

33 

19 

Bl 

ALLU 

2 

125 

Bl 

BEOL 

0 

145 

Bl 

ALLU 

2 

18F 

Bl 

ALLU 

3 

166 

B3 

BEDL 

9 

167 

B? 

ALLU 

10 

175 

B3 

ALLU 

4 

176 

B7 

ALLU 

2 

240 

N 

(CNI 

-13 

30 

Y 

PRE 

B 

0 

1 

Y 

GRA 

30 

1 

Y 

GRA 

30 

3u  0 

N 

2 

180 

Y 

PAN 

-15 

0 

135 

Y 

GRA 

23 

275 

Y 

PAN 

31 

340 

N 

33 

250 

Y 

GRA 

15 

30 

V 

PAN 

30 

35 

Y 

PAN 

33 

APPENDIX  H.  (Continued) 


SUMMARY  OF  TERRAIN  DATA  FOR  SAMPLE  SITES  IN  LAND  COVER  UNIT  23 


SITE 

LANDFORM 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

NUMBER 

UNIT 

NATERIAL 

<0/'<l 

DIRECTION 

PRESENT 

TYPE 

DEPTH 

<CM) 

128 

A2 

ALLU 

0 

0 

18 

Bi 

ALLU 

3 

180 

Y 

PAN 

-15 

82 

bi 

ALLU 

0 

0 

N 

15 

122 

Bl 

BEDL 

0 

0 

14  7 

BI 

ALLU 

2 

20 

Y 

GRA 

15 

16  8 

Bl 

ALLU 

11 

45 

Y 

GRA 

30 

218 

Bl 

ALLU 

3 

280 

N 

45 

219 

Bl 

AU.U 

3 

280 

N 

45 

1 

B3 

ALLU 

2 

60 

N 

♦10 

3 

B3 

ALLU 

0 

32  5 

N 

♦15 

41 

B3 

ALLU 

1 

180 

Y 

GRA 

♦15 

42 

B3 

ALLU 

1 

225 

Y 

GRA 

♦15 

73 

B-» 

ALLU 

0 

330 

N 

30 

16o 

B? 

ALLU 

10 

135 

N 

♦10 

161 

B4 

ALLU 

3 

310 

N 

55 

■*9 

B5 

ALLU 

2 

160 

Y 

GRA 

♦45 

58 

Cl 

EOLI 

3 

135 

Y 

PAN 

33 

135 

Cl 

EOLI 

4 

180 

N 

30 

15  9 

Cl 

BEOL 

12 

240 

Y 

GRA 

15 

16  9 

Cl 

ALLU 

3 

315 

N 

33 

170 

Cl 

ALLU 

2 

45 

Y 

GRA 

45 

ISP 

C4 

EOLI 

0 

10 

Y 

GRA 

♦63 

SUMMARY 

OF  TERRAIN  DATA 

FOR  SAMPLE  SITES  IN 

LANO  COVER  UNIT  25 

SIT* 

LANDFORM 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

NUMBER 

UNIT 

MATERIAL 

(0/01 

DIRECTION 

PREStNT 

TYPE 

DEPTH 

<CM) 

182 

A2 

BEOL 

35 

240 

N 

-15 

146 

Bl 

ALLU 

2 

20 

Y 

GRA 

15 

146 

Bl 

ALLU 

1 

70 

Y 

GRA 

15 

188 

Bl 

ALLU 

2 

315 

Y 

GRA 

63 

272 

81 

ALLU 

0 

0 

N 

♦30 

33 

B3 

ALLU 

n 

0 

N 

♦33 

76 

B3 

ALLU 

2 

300 

N 

♦30 

273 

63 

ALLU 

0 

0 

N 

♦15 

35 

B4 

ALLU 

2 

225 

N 

♦30 

48 

B4 

ALLU 

0 

270 

Y 

PAN 

3} 

95 

B4 

AU.U 

1 

290 

Y 

PAN 

13 

294 

B4 

ALLU 

0 

0 

Y 

PAN 

35 

123 

Be 

ALLU 

6 

9 

15? 

C2 

EOLI 

0 

355 

N 

9J 

68 

D 

ALLU 

0 

0 

N 

♦46 

223 


APPENDIX  H.  (Continued) 


SUMMARY  OF  TERRAIN  DATA  FOR  SAHPLc.  SITtS  IN  LAND  COVER  UNIT  35 


SITE 

landform 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

NUMBER 

UNIT 

MATERIAL 

(0/0) 

DIRECTION 

PRESENT 

TYPE 

DEPTH 

(CM) 

45 

A2 

BEDL 

4 

45 

N 

•15 

46 

A? 

BEDL 

4 

1 

N 

-15 

90 

A2 

ALLU 

8 

320 

Y 

PRE 

15 

93 

A2 

BEDL 

6 

130 

Y 

PAN 

23 

94 

A2 

BEDL 

2 

130 

Y 

PAN 

15 

97 

A2 

BEDL 

9 

225 

Y 

PAN 

18 

180 

A2 

ALLU 

14 

35 

Y 

PAM 

33 

199 

A2 

SHAL 

11 

195 

N 

25 

222 

A2 

SHAL 

Z7 

130 

N 

IS 

237 

A2 

ALLU 

19 

235 

Y 

PAN 

47 

255 

A2 

ALLU 

24 

10 

Y 

PRE 

IS 

256 

A2 

SHAL 

20 

215 

N 

35 

257 

A2 

SHAL 

16 

125 

Y 

PRE 

45 

268 

81 

BEOL 

0 

0 

N 

33 

SUMMARY  OF  TERRAIN  DATA  FOR  SAMPLE  SITES  IN  LAND  COVER  UNIT  31 


SITE 

LANDFORM 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

NUMB  ER 

UNIT 

MATERIAL 

(0/0* 

DIRECTION 

PRESENT 

TYPE 

DEPTH 

(CM) 

165 

A2 

ALLU 

6 

300 

Y 

PAN 

17 

193 

A2 

BEDL 

12 

315 

Y 

PAN 

:j 

19** 

A2 

BEDL 

T 

27  0 

N 

15 

224 

A  2 

SHAL 

0 

0 

N 

15 

225 

A2 

SHAL 

0 

0 

N 

IS 

226 

A2 

SHAL 

0 

0 

Y 

PRE 

35 

227 

A2 

SHAL 

0 

0 

N 

15 

228 

A2 

ALLU 

0 

0 

N 

15 

229 

A2 

BEfL 

i 

0 

N 

30 

230 

A2 

ALLU 

0 

0 

N 

45 

233 

A2 

SHAL 

0 

0 

N 

15 

232 

A? 

ALLU 

0 

0 

N 

IS 

233 

A2 

SHAL 

0 

0 

N 

IS 

234 

A? 

ALLU 

0 

0 

N 

IS 

23  5 

A2 

ALLU 

0 

0 

N 

47 

28’ 

A2 

BEDL 

0 

0 

Y 

PAN 

33 

298 

A2 

BEDL 

0 

0 

N 

♦  15 

4 

81 

ALLU 

2 

37 

N 

♦25 

E 

Bi 

ALLU 

3 

35 

N 

♦25 

21 

B1 

ALLU 

4 

225 

Y 

PAN 

3) 

177 

Bl 

ALLU 

7 

225 

Y 

PAN 

38 

164 

D 

ALLU 

1 

300 

Y 

PAN 

30 
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APPENDIX  H.  (Continued) 


SUMMARY  OF  TERRAIN  DATA  FOR  SAMPLE  SITES  IN  LAND  COVER  UNIT  4) 


1 

SITE 

LANDFORM 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

. 

NUMBER 

UNIT 

MATERIAL 

<0/C  1 

DIRECTION 

PRESENT  TYPE 

DEPTH 

CCH) 

154 

A1 

ALLU 

1 

27  0 

N 

45 

-f: 

184 

B1 

ALLU 

0 

3  0 

N 

4o 

5"- 

16 

83 

ALLU 

0 

0 

N 

+30 

£ 

34 

B3 

ALLU 

3 

0 

N 

+3J 

V 

75 

B4 

ALLU 

1 

270 

N 

30 

a_ 

100 

B4 

ALLU 

1 

180 

Y  PAN 

-15 

269 

B4 

ALLU 

0 

0 

N 

♦30 

f 

3G2 

B4 

ALLU 

0 

0 

N 

+33 

7' 

56 

0 

ALLU 

2 

270 

N 

♦33 

5 

205 

D 

ALLU 

5 

305 

N 

40 

284 

0 

ALLU 

1 

0 

N 

30 

SUMMARY  OF  TERRAIN  DATA  FOR  SAMPLE  SITES  IN  LAND  COVER  UNIT  41 


SITE 

LANDFORM 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

IUMBER 

UNIT 

MATERIAL 

(0/0) 

DIRECTION 

PRESENT 

TYPE 

DEPTH 

(CM) 

192 

Bi 

ALLU 

1 

290 

N 

30 

lc2 

B4 

ALLU 

0 

1 

N 

90 

162 

B4 

ALLU 

1 

290 

Y 

PAN 

30 

185 

B4 

ALLU 

1 

50 

Y 

PAN 

33 

3n3 

B4 

ALLU 

0 

1 

N 

90 

7 

O 

ALLU 

1 

75 

N 

+33 

225 


APPENDIX  H.  (Continued) 


SUMMARY  OF  TERRAIN  DATA  FOR  SAMPLE  SITES  IN  LAND  COVER  UNIT  50 


SITE 

LANDFORM 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

NUMBER 

UNIT 

MATERIAL 

(0/0) 

direction 

PRESENT 

TYPE 

DEPTH 

(CM) 

299 

A2 

BEDL 

12 

240 

Y 

GRA 

15 

116 

Bi 

ALLU 

0 

0 

Y 

PAN 

30 

E  9 

B5 

ALLU 

0 

0 

N 

33 

113 

BE 

ALLU 

4 

185 

N 

+15 

210 

B5 

ALLU 

1 

230 

Y 

GRA 

45 

211 

B5 

ALLU 

1 

230 

Y 

GRA 

45 

8 

Cl 

EOLI 

0 

355 

Y 

GRA 

+75 

9 

Cl 

EOLI 

0 

355 

N 

+75 

23 

Cl 

EOLI 

3 

270 

Y 

GRA 

+30 

24 

Cl 

EOLI 

3 

270 

Y 

GRA 

+33 

51 

Cl 

EOLI 

2 

180 

Y 

GRA 

♦33 

52 

Cl 

EOLI 

2 

180 

Y 

GRA 

♦33 

53 

Cl 

ALLU 

1 

180 

N 

+63 

54 

Cl 

EOLI 

3 

1 

Y 

GRA 

♦  30 

56 

Cl 

EOLI 

0 

315 

N 

30 

59 

Cl 

EOLI 

2 

90 

Y 

GRA 

45 

60 

Cl 

EOLI 

2 

1 

Y 

GRA 

♦45 

66 

Cl 

EOLI 

1 

90 

N 

♦45 

67 

Cl 

ALLU 

1 

300 

N 

+40 

68 

Cl 

ALLU 

2 

135 

N 

♦43 

80 

Cl 

ALLU 

2 

180 

N 

♦33 

81 

Cl 

ALLU 

2 

180 

Y 

GRA 

♦30 

83 

Cl 

EOLI 

0 

300 

Y 

PAN 

23 

10  2 

Cl 

EOLI 

0 

90 

N 

30 

1**3 

Cl 

EOLI 

P 

90 

N 

33 

ll>4 

Cl 

EOLI 

4 

n 

Y 

PAN 

33 

105 

Cl 

EOLI 

4 

0 

Y 

PAN 

33 

121 

Cl 

0 

P 

155 

Cl 

EOLI 

2 

320 

Y 

GRA 

43 

156 

Cl 

EOLI 

1 

50 

Y 

GRA 

23 

157 

C5 

EOLI 

1 

1 

Y 

PAN 

45 

171 

Cl 

EOLI 

1 

45 

Y 

GRA 

60 

172 

Cl 

EOLI 

n 

45 

Y 

PAN 

60 

278 

Cl 

EOLI 

0 

0 

N 

♦15 

280 

Cl 

EOLI 

0 

0 

N 

♦15 

14 

C2 

EOLI 

0 

P 

Y 

GRA 

♦45 

133 

C4 

EOLI 

0 

1 

Y 

GRA 

+30 

275 

C4 

EOLI 

0 

P 

Y 

PRE 

♦  30 

226 


APPENDIX  H.  (Continued) 


SUMMARY -OF  TERRAIN  OATA  FOR  SAMPLE  SITES  IN  LAND  COVER  UNIT  51 


SITE 

LANDFORM 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

NUMBER 

UNIT 

MATERIAL 

(fi/0) 

DIRECTION 

PRESENT 

TYPE 

DEPTH 

CCM) 

144 

Bi 

ALLU 

3 

225 

Y 

GRA 

23 

40 

B5 

ALLU 

n 

180 

Y 

GRA 

♦45 

134 

Cl 

EOLI 

0 

1 

Y 

GRA 

♦33 

SUMMARY  OF  TERRAIN  DATA  FOR  SAMPLE  SITES  IN  LANO  COVER  UNIT  52 


SITE 

LANDFORM 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOI„ 

NUMBER 

UNIT 

MATERIAL 

(0/0) 

DIRECTION 

PRESENT  TYPE 

DEPTH 

2- 

(CM) 

i- 

IP  8 

Cl 

EOLI 

1 

25 

N 

60 

169 

Cl 

EOLI 

1 

25 

N 

63 

119 

Cl 

EOLI 

0 

0 

'' 

106 

C4 

EOLI 

0 

280 

Y  GRA 

63 

SUMMARY  OF  TERRAIN  DATA  FOR  SAMPLE  SITES  IN  LAND  COVER  UNIT  60 


;= 

SITE 

LAND!  ORM 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

- 

NUMBER 

UNIT 

MATERIAL 

(0/01 

DIRECTION 

PRESENT 

type 

DEPTH 

(CM) 

f 

270 

A2 

EOLT 

0 

0 

N 

+53 

f 

216 

Cl 

EOul 

1 

1 

Y 

GRA 

52 

28 

C2 

EOLI 

2 

18  0 

N 

♦33 

3t. 

C2 

cOLI 

8 

0 

N 

3) 

S’ 

31 

C2 

EOLI 

1 

0 

N 

30 

37 

C2 

ALLU 

1 

90 

N 

♦15 

ji 

120 

C2 

ALLU 

0 

0 

243 

CR 

EOLI 

1 

28  0 

N 

65 

P~ 

244 

C2 

EOLI 

0 

0 

N 

7) 

245 

C2 

EOLI 

0 

0 

N 

75 

m 

247 

C2 

EOLI 

0 

0 

N 

73 

292 

C2 

EOLI 

n 

0 

N 

♦63 

26 

C4 

EOLI 

1 

90 

Y 

GRA 

♦15 

27 

C4 

EOLI 

1 

1 

Y 

GRA 

♦30 

ibe- 

-? 

214 

C4 

EOLI 

0 

0 

Y 

PAN 

65 

r-_ 

246 

C4 

EOLI 

0 

0 

N 

53 

227 


APPENDIX  H.  (Continued) 


SUMMARY  OF  TERRAIN  DATA  FOR  SAMPLE  SITES  IN  LAND  COVER  UNIT  51 


SITE 

LANOFORH 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

NUMBER 

UNIT 

MATERIAL 

(0/0) 

direction 

PRESENT  TYPE 

DEPTH 

(CM) 

36 

C2 

ALLU 

2 

90 

N 

♦15 

242 

C2 

EOLI 

i 

0 

N 

75 

SUMMARY  OF  TERRAIN  DATA  FOR  SAMFLE  SITES  IN  LAND  COVER  UNIT  9D 


SITE 

LANOFORH 

PARENT 

SLOPE 

SLOPE 

CALICHE 

SOIL 

IUMBER 

UNIT 

MATERIAL 

(0/0) 

DIRECTION 

PRESENT 

TYPE 

DEPTH 

(CM) 

190 

Bi 

ALLU 

12 

300 

N 

38 

248 

Bi 

ALLU 

3 

29  C 

N 

10 

61 

Cl 

EOLI 

2 

1 

Y 

GRA 

+15 

13 

C2 

ALLU 

0 

1 

N 

♦15 

?U.S,  GQ\I5NVfNJ  *4ik»*ng  Oincf-  j.i 
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